ADA044712 


AFHRL-TR-7748 


AIR  FORCE  n 

1 H 

U 
M 

s 


HISTORICAL  ANALYSIS  OF  C-130E  RESOURCES 


By 

Frank  D.  Brown 
Donald  E.  Griswold 
Donald  K.  Hindes 
Gary  A.  Walker 
David  H.  Wilson 


Boeing  Aerospace  Company 

Logistics  Support  and  Services/Experience  Analysis  Center 
Seattle,  Washington  98124 


Duncan  L.  Dieteriy,  Major,  USAF 


ADVANCED  SYSTEMS  DIVISION 
Wright-Patterson  Air  Force  Base,  Ohio  45433 


July  1977 

Interim  Report  for  Period  29  June  1976  - 20  May  1977 


Approved  for  puhlie  release: dLstribulmn  unlimited. 


LABORATORY 


AIR  FORCE  SYSTEMS  COMMAND 

BROOKS  AIR  FORCE  BASEJEXAS  78235 


-.vaMswsAwn 


NOTICE 


When  U^.  Government  drawings,  specifications,  or  otiicr  data  arc  used 
for  any  purpose  other  than  a defmitcly  related  Government 
procurement  operation,  the  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever,  and  the  fact  that  the 
Government  may  have  formulated,  furnislied,  or  in  any  way  supplied 
the  said  drawings,  specifications,  or  other  data  is  not  to  be  regatded  by 
implication  or  otherwise,  as  in  any  manner  licensing  the  liolder  or  any 
other  person  or  corporation,  or  conveying  any  rights  or  permission  to 
manufacture,  use,  or  sell  any  patented  invention  that  may  in  aiiy  way 
be  related  thereto. 

This  interim  report  was  submitted  by  Boeing  Aerospace  Company, 
Seattle,  Washington  98124,  under  contract  F33615-76-C-0062  project 
1959,  with  Advanced  Systems  Division,  Air  Force  Human  Resources 
Laboratory  (AFSC),  Wright-Patterson  Air  Force  Base,  Ohio  45433, 
Major  Duncan  L.  Dieterly.  Personnel  and  Training  Requirements 
Branch,  was  the  contract  monitor. 

This  report  has  been  reviewed  and  cleared  for  open  publication  and/or 
public  release  by  the  appropriate  Office  of  Information  (01)  in 
accordance  with  AFR  190-17  and  DoDD  5230.9.  There  is  no  objection 
to  unlimited  distribution  of  this  report  to  the  public  at  large,  or  by 
DDC  to  the  National  Technical  Information  Service  (NTIS). 

This  technical  report  has  been  reviewed  and  is  approved  for  publication. 

GORDON  A.  ECKSTRAND,  Director 
Advanced  Systems  Division 


DAN  D.  FULGHAM,  Colonel,  USAF 
Commander 


iw-rr. 


Unclassified 


security  9faA^SIFICATI0N  OF  THIS  P»GE  flWi»n  Dmf  EnUrtd)  

r ( /-^/REPORT  DOCUMENTATION  PAGE  BEFolfcoM?gS^FORM 

li.  REPOR.T'^MBER  ^ |2.  GOVT  ACCESSION  NO.|  3.  RECIPIENT'S  CATALOG  NUMBER 

^^I^R-7748  / 


l4.  title  r«idSuAN«*> 


HISTORICAL  ANALYSIS  OF  C-I3jrfE  RESOURCES  > / 


Interim 

29  Jun*  »76  - 2QfMay  »TZ 


'IO\ 


7.  AU^TMORfil-  • t 

Frank  D.^row^  . Gary  A.jWalker  I 
Donald  E./Griswold,  David . \ 

Donald  K^ind^  Dimcan  L.  EMetedy 

V.'  RERFOHIilTtiG  ORGANIZATION  NAME  ANO  ADORESS 

Boeing  Aerospace  Company 

Logistics  Support  and  &rvice$/E}q>erience  Analyas  Center 
P.O.  Box  3999,  Seattle,  Washington  98124  > 

11.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 

HQ  Air  Force  Human  Resources  Laboratory  (AFSC) 
Brooks  Air  Force  Base,  Texas  78235 


, a.  CONTRACT  OR  GRANT  NUMBERCt; 


F33615-76-C-OQ62  i 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A WORK  yniX  NUMBERS 

" k^63K|F 
>t  1959^1  ' — ^ 

' 12.  REPORT  DATE 


f //  r~~rdr»77  / 


- • wr-wnwtw OF  PAGES 

250 


4.  MONITORING  AGENCY  NAME  a ADDRESSCir  dlf^fjtttj^i^CopiwUflna  Offleaj  I IS.  SECURITY  CLASS,  (of  thl»  fpon; 


MONITORING  AGENCY  NAME  a AOORBSSfU  dlllMpU^Copitatlji^ 

Advanced  Systems  Division  f/ji/i  ^ 

Air  Force  Human  Resources  Laboratory  ~^P  * 

Wright-Patterson  Air  Force  Base,  Ohio  45433  /'  ' 


Unclassified 

IS*.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


m 


1 16.  OlSTRieuTION  STATEMENT  (of  tht§  R^pett) 


Approved  for  public  release;  distribution  unlimited. 


17.  OISTRI8UTION  STATEMeNT  (of  th%  Mb$tfct  *nffd  In  Bloeic  20»  II  dUUtmt  from  Rbport) 


18.  SUPPLEMENTARY  NOTES 


19.  KEY  WORDS  (ConUnu*  on  revorto  •/<!•  if  n«co«««iT  ^d  fdmntUy  by  btoek  nxmb^r) 

C-130E  maintenance  data 

cost  data  material  resources 

historical  weapon  system  analysis  (HWSA)  operations  data 

human  resources  reliability  data 

life  cycle  cost  safety  data 

20.  A&^RACT  (Continue  on  revera*  «ld«  If  n«c««««ry  md  Id0nttfy  by  block  nwnbor) 


o 


This  report  presents  the  results  of  the  collection  and  analyds  of  15  yean  of  C-130E  Ifistorical  Resource 
Utilization  data.  The  purpose  of  this  study  was  to  determine  the  type,  quality  and  availability  of  resource  utilization 
data  for  a specific  weapon  system.  The  information  collected  covers  both  human  and  material  resource 
requirements.  This  type  of  information  provides  the  baseline  for  jdanning  for  new  weapon  systems.  It  also 
establishes  those  areas  of  high  utilization  which  may  be  reduced  in  Ae  new  system  by  possibly  modifying  some 
design  parameter. 

A mqor  problem  encountered  in  this  type  of  andysis  is  that  the  current  Air  Force  management  systems  are 
not  developed  for  historical  evaluation.  Frequently,  the  critical  data  are  not  available  or  in  a form  that  mdees  it  too 
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SUMMARY 


Resources  are  expended  to  operate  and  support  a weapon  system. 
To  be  able  to  analyze  the  resources  used,  data  must  be  gathered 
from  diverse  sources.  Once  the  resource  utilization  is  known, 
actions  can  be  taken  to  reduce  the  resource  requirements  through 
modification  of  the  system,  the  mission  or  the  operating  policy. 

This  report  describes  an  analysis  of  available  Air  Force  data 
on  the  utilization  of  resources  for  the  C-130E  Hercules  aircraft. 
This  report  is  the  second  of  a series  of  four  which  will  document 
this  research  study.  This  study  is  Phase  I of  a four-phase  project. 
The  project,  "Advanced  System  for  Human  Resources  Support  of  Weapon 
System  Development,"  is  designed  to  demonstrate  the  technical 
feasibility  of  a method  of  reducing  the  cost  of  ownership  of  a new 
weapon  system  to  the  Air  Force. 

PROBLEM 


To  analyze  the  resource  utilization  of  a weapon  system  requires 
the  establishment  of  a massive  data  base.  The  information  necessary 
to  complete  the  data  base  must  be  acquired  from  many  different 
sources.  The  problem  addressed  was  to  establish  a methodology  for 
collecting  resource  utlization  data  for  an  operational  weapon  system. 

APPROACH 


The  approach  involved  two  tasks.  The  first  was  to  search, 
locate,  acquire,  screen,  and  evaluate  all  Air  Force  data  concerning 
the  utilization  of  resources  by  the  C-130E  Hercules  aircraft  during 
the  past  fifteen  years  (1962  through  1976).  The  second  task  was  to 
collate  and  analyze  the  data. 

Both  human  and  material  resources  were  considered.  Human 
resources  include  the  people  required  to  perform  support  functions. 
The  people  are  described  according  to  Air  Force  specialty  code 
(AFSC),  experience  level,  and  rank.  Material  resources  include, 
for  example,  spares,  ground  support  equipment  and  fuel. 

Every  known  Air  Force  agency  (including  operational  units) 
that  might  have  C-130E  historical  data  was  identified  and  contacted. 
Special  data  source  summary  forms  were  developed  and  completed  for 
each  organization.  The  data  were  computerized  along  with  the 
documentation  (published  literature)  that  was  collected  during  an 
earlier  task  (reference  AFHRL-TR- 77-40). 
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All  data  acquired  for  the  study  were  indexed  and  analyzed  into 
seven  major  categories;  i.e.:  a)  operations,  b)  maintenance,  c) 
reliability,  d)  safety,  e)  human  resources,  f)  material  resources, 
and  g]  cost.  Where  total  data  were  not  available,  statistical 
normalizing  techniques  were  applied  to  the  available  data  slices 
as  the  means  of  filling  in  missing  years.  This  method  was  especially 
needed  in  estimating  human  resources,  material  resources  and  costs. 

DIFFICULTIES  ENCOUNTERED 

Special  difficulties  encountered  in  conducting  this  study  will 
be  stated  because  they  impact  on  future  efforts.  Such  difficulties 
were: 

1.  Some  input  data  were  fragmented  and/or  discountinuous. 

This  forced  the  formulation  of  scattered,  discountinuous 
analytical  results. 

2.  In  some  cases,  data  requested  early  in  the  program  either 
were  not  made  available  or  arrived  late.  This  precluded 
quantitative  compilation  of  meaningful,  accurate  historical 
profiles  in  some  areas. 

3.  Conflicting  data  (e.g.,  number  of  possessed  C-130E  air- 
craft per  year  from  1962  through  1976),  obviated  or 
attenuated  analytical  progress.  In  some  cases  these 
conflicts  could  not  be  satisfactorily  resolved. 


4.  The  general  policy  of  USAF  agencies  to  retain  historical 
data  files,  for  short  time  periods,  as  well  as  not 
having  a single  weapon  system  data  repository  had  a 
profound  effect  on  analytical  results.  Extrapolative 
and  interpolative  analytical  results  are  always  "second 
best"  when  attempting  to  evolve  quantitative  weapon 
system  histories. 

Most  of  the  difficulties  encountered  were  resolved  through 
extensive  conference  telephone  conversations  with  key  personnel  or 
by  engineering  judgment.  Data  not  available  through  a principal 
data  agency (ies)  were  acquired  through  other  sources.  This  did 
not  always  represent  a fully  satisfactory  solution,  but  did 
significantly  aid  in  filling  large  data  voids.  No  solution  was 
provided  concerning  the  USAF  need  to  maintain  at  least  one 
centralized  data  repository. 


RESULTS 


The  magnitude  of  findings  emanating  from  this  study  precludes 
issuance  of  a complete  suninary  of  key  findings.  Some  of  the  more 
salient  outcomes  Include: 

1.  Fifteen  year  profiles  of  C-130E  organizational  and 
Intermediate  troubleshooting  maintenance  manhours  per 
1,000  flight  hours  encompassing  29  flight  subsystems  were 
quantified. 


2. 


3. 


4. 


5. 


6. 


7. 


8. 
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Corrective  maintenance  task  numbers  and  proportional  task 
distributions  encompassing  the  29  C-130E  flight  subsystems 
were  plotted  for  each  year  of  the  1962  through  1976  re- 
porting period. 

Organizational  and  Intermediate  tasks  per  sortie 
encompassing  the  periods  of  1965  through  1976  (12  years) 
were  derived. 

Corrective  organizational  and  Intermediate  maintenance 
hours  and  proportional  distribution  patterns  per  1,000 
flight  hours  (1962  through  1976)  were  analyzed  and  derived. 

Proportional  distributions  were  developed  of  organizational 
and  Intermediate  maintenance  troubleshooting  manhours 
(1962  through  1976). 

A determination  was  made  of  the  numbers  of  organizational 
and  intermediate  "repair  only"  tasks  per  1,000  flight 
hours  and  the  associated  proportional  distributions  within 
the  29  subsystems  (1962  through  1976). 

Organizational  maintenance  remove  and  install  tasks  per 
1,000  flight  hours  profiles  were  specified. 

C-130E  flight  and  maintenance  personnel  manpower  estimates 
encompassing  15  years  were  prepared.  This  includes  profiles 
of  maintenance  personnel  assigned  to  64  work  centers 
contained  within  the  Deputy  Coitmander  for  maintenance 
organizations.  Organizational  Maintenance  Squadrons,  Field 
Maintenance  Squadrons  and  Avionics  Maintenance  Squadrons. 
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9.  Near  term  Field  Training  Detachment  (FTD)  histories  (27 
months)  of  numbers  of  graduates  per  month  as  well  as 
training  hours  per  month  per  !TD  were  defined.  This  enabled 
development  of  estimated  FTD  training  histories  for  the 
period  of  1962  through  1976. 
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10. 


Complete  15  year  historical  profiles  were  developed  of 
Time  Compliance  Technical  Order  (TCTO)  kits  installed 
into  308  C-130E  aircraft.  This  included  total  number 
of  kits  per  aircraft  at  the  intermediate  and  depot 
maintenance  echelons  as  well  as  total  hour  expended 
per  year  when  installing  kits  at  the  two  maintenance 
echelons.  Composite  frequency  polygon  distributions 
encompassing  intermediate  and  depot  TCTO  kits  and 
exoended  hours  deoict  retrofit  oatterns. 


Other  results  include  the  development  of  discrete  (quantitative) 
15  year  profiles  of  educational  levels  achieved  by  three  officer 
AFS's  and  30  enlisted  AFS's.  Achieved  educational  trends  observed 
during  data  analyses  enabled  formulation  of  the  following  conclusions; 


1. 


Achieved  educational  levels  of  officer  and  enlisted 
noj'connai  climbsd  drsrnsti C2l ly  bstwssn  yssrs  cf 
1962  through  1975. 


2. 


No  non-high  school  graduate  Air  Force  personnel  are  shown 
as  officer  rated  (AFS  4016,4024,  and  4096)  as  of  June  1976. 


3. 


More  officers  and  enlisted  personnel  entered  college 
during  each  ensuing  year  between  1962  through  1976. 


4. 


Achieved  educational  levels  of  officers  are  significantly 
greater  than  for  enlisted  personnel. 


5. 


Selective  criteria  implemented  by  USAF  recruiting  centers 
appear  to  be  responsible  for  marked  reductions  in 
enlisted  personnel  not  having  high  school  diplomas  or 
equivalent. 


CONCLUSION 


In  spite  of  the  obstacles,  a comprehensive  15  year  data  base  for 
the  C-130E  has  been  obtained,  organized,  and  analyzed.  Of  future  use 
are  both  the  date  base  and  the  methodology  used  for  its  development. 
The  data  base  establishes  a reasonable  baseline  of  information  that 
could  be  used  in  the  initial  planning  of  a new  weapon  system  of  this 
type.  The  information  indicates  the  high  resource  requirements  and 
possible  design  changes  that  could  reduce  these  requirements. 


The  basic  methodology  can  be  used  to  provide  such  a historical 
baseline  for  any  weapon  system.  It  indicates  the  type  and  sources 
of  available  information,  the  type  of  analyses  that  can  be  made,  and 
the  type  of  useful  information  that  can  be  formulated. 
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C-130E  Life  Cycle  Costs",  will  be  reported  in  a series  of  four 
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I - INTRODUCTION 


PURPOSE: 

The  Air  Force  must  be  able  to  meet  its  specified  mission  require- 
ments. To  meet  these  requirements  a spectrum  of  weapon  systems  must  'j 
be  designed,  produced,  and  maintained.  As  the  cost  of  sophisticated 
technology  spirals  upward,  the  Air  Force  planner  must  be  able  to  maxi- 
mize performance  while  minimizing  cost.  The  crucial  limiting  parameter 
placed  upon  the  weapon  system  spectrum  is  cost.  Currently,  it  is  popu- 
lar to  advocate  different  methods  for  controlling  cost;  such  as  cost 
of  ownership  and  life  cycle  cost.(LCC).  All  costing  technologies  have  three 
aspects  in  common:  The  value  of  a weapon  system  is  measured  in  dollars; 
the  computation  of  the  value  is  at  a fixed  point  in  time;  and  the 
function  of  costing  the  system  is  dependent  upon  the  definition  of  vari- 
ables to  be  included  in  the  cost. 
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All  too  frequently,  after  a discrete  set  of  variables  has  been 
agreed  upon,  as  those  that  will  generate  the  desired  cost,  it  is  deter- 
mined that  no  information  is  available  upon  which  to  establish  the 
dollar  value  of  a variable;  therefore,  the  variable  is  excluded  or 
treated  as  a constant.  This  is  especially  evident  in  those  areas  not 
directly  associated  with  weapon  system  acquisition.  This  dilemma 
severely  hampers  the  computation  of  the  desired  cost  and  reduces  the 
probability  of  making  the  optimum  decision.  In  order  to  redress  the 
deficiency,  the  Advanced  Systems  Division  of  AFHRL  has  attempted  to 
identify,  develop  and  demonstrate  a series  of  methods  to  allow  for 
the  inclusion  of  these  variables  in  cost  computations. 

Through  initial  research  efforts  it  had  been  established  that 
these  variables  could  be  quantified  and  included  in  cost  analysis. 

During  the  same  time  frame  it  was  realized  that  the  final  cost  of  a 
weapon  system  was  dependent  upon  five  major  interacting  factors: 

(See  Figure  1)  a)  system  design,  b)  human  resources,  c)  material 
resources,  d)  performance  required  and  e)  operation  of  the  system. 

In  order  to  impact  the  cost  of  a system,  a change  wouTd  be  necessary 
in  one  of  the  factors.  However,  a change  in  any  factor  will  have  some 
impact  on  the  others.  To  adequately  analyze  the  cost  of  a weapon 
system,  a capability  to  model  or  simulate  all  five  factors  is  necessary. 
As  can  be  seen  in  the  diagram,  the  life  cycle  cost  of  any  weapon  system 
is  dependent  upon  the  state  of  not  only  the  design  but  the  other 
factors.  Any  change  in  a factor  will  result  in  a new  state  and  result- 
ant LCC  estimate.  State  "A"  will  result  in  a different  LCC  than  state 
"B".  Project  1959  "Advanced  System  for  Human  Resources  Support  of 
Weapon  System  Development,"  is  the  first  effort  to  integrate  these 
factors  in  a single  analysis  technique  that  could  be  used  to  evaluate 
the  full  ramifications  of  weapon  system  design,  human  resources, 
material  resources,  performance,  and  operations. 
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STATE  A » LCC  A 
STATE  B * LCC  B 


Figure  1 MAJOR  INTERACTING  FACTORS 


PROJECT  1959  - PURPOSE  AND  GOALS: 


S^’j^rwlapon  syste..  THe  cos^^ 

resource  configurations  is  a maj  rpHnrtion  of  human  resource 


In  Project  1959  the  advanced  medium  STOL 
developed  by  the  Air  Force  will  be  the  test  case.  Existing  . 
the-a?t  technology  in  training,  technical  data,  and  manpower  s.mulation 
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techniques  to  reduce  the  human  resource  support  cost  of  the  system 
will  be  applied.  This  project  will  provide  for  the  inclusion  of  human 
resources  parameter  costs  in  engineering  design  studies,  forecasting 
and  controlling  manpower  requirements  through  the  application  of 
systems  analysis  and  computer  modeling  techniques,  improved  technical 
data  for  maintenance  personnel  and  early  identification  of  training 
requirements  and  advanced  training  techniques  appropriate  for  the  new 
system.  These  techniques  will  be  modified  as  required  and  integrated 
to  provide  a comprehensive  approach  to  the  development  of  a cost 
effective  personnel  support  system  for  a new  weapon  system.  The 
project  will  be  completed  in  four  phases. 
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This  project  is  directed  at  reducing  the  personnel  support  cost 
of  new  systems.  Research  efforts  under  the  project  will  demonstrate 
a technology  for  controlling  the  personnel,  training,  and  manpower 
requirements  of  new  systems  without  adversely  affecting  either  opera- 
tional readiness  or  system  effectiveness.  Application  of  this  tech- 
nology will  lead  to  significant  reductions  in  life  cycle  costs  of  new 
systems. 

Although  this  effort  will  utilize  a particular  weapon  system  to 
demonstrate  the  technology  for  controlling  personnel  costs,  this 
technology  could  be  generalized  to  a wide  spectrum  of  new  systems 
being  developed  in  the  Air  Force  and  other  military  services.  In 
general,  the  technology  may  be  used  for  any  type  of  new  equipment 
being  designed  and  developed  for  whatever  purpose:  military,  govern- 
ment, or  industrial. 

PHASE  I,  PROJECT  1959  - HISTORICAL  ANALYSIS  OF  C-130E  LIFE  CYCLE  COSTS: 
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The  purpose  of  this  effort  is  to  establish  a historical  analysis 
of  resource  utilization  of  the  C-130E  Hercules.  The  analysis  will 
include  both  human  and  material  resource  utilization  as  indicated  from 
available  records.  In  accomplishing  this  analysis  a methodology  will 
be  established  to  allow  for  analysis  of  other  weapon  systems.  This 
methodology  will  include  type  of  information,  possible  sources,  credi- 
bility of  data,  difficulty  in  reducing  data  and  cost  of  obtaining  the 
data.  It  is  anticipated  that  most  historical  data  is  lost  through  the 
demand  for  current  data  to  solve  operational  problems.  In  addition, 
large  amounts  of  data  may  be  available  in  such  a form  as  to  be  prohi- 
bitive to  collect  and  process  for  a computerized  system. 

Traditionally,  when  a weapon  system  is  developing  through  the 
acquisition  process,  estimates  are  made  as  to  the  resources  necessary 
to  support  that  weapon  system.  After  the  system  enters  the  Air  Force 
inventory,  the  concrol  of  the  human  and  material  resources  crosses 
several  functions  and  commands.  Seldom  are  the  initial  estimates 
verified  for  all  resources  controlled  by  one  level  of  management.  For 
example,  the  provisioning  of  spares  becomes  a prime  concern  of  Air 
Force  Logistics  Command,  while  the  manoower  requirements  are  a major 
concern  of  the  using  Command,  Therefore,  once  a weaoon  system  is 
operational,  no  single  point  manaaer  is  resoonsibie  for  the  human  and 
material  suooort  of  that  system.  ?!ultiple  m.anagement  generates  a 
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considerable  amount  of  information  and  information  systems  to  track 
and  manage  aspects  of  the  weapon  system.  These  sources  of  information 
are  dispersed  and  in  various  configurations.  To  attempt  to  evaluate 
a system  in  terms  of  life  cycle  utilization  or  reduce  that  to  a life 
cycle  cost  is  a complex  task.  This  phase  of  Project  1959  is  designed 
to  address  this  problem.  This  phase  has  been  planned  to  be  accomplished 
in  six  tasks. 

DESCRIPTION  OF  TASKS 

The  sequence  of  the  six  major  tasks  are  interrelated  as  shown 
by  the  arrows  in  Figure  2.  Where  appropriate,  the  tasks  are  performed 
in  parallel. 


Figure  2 HISTORICAL  WEAPON  SYSTEMS  ANALYSIS  (KWSA) 
TASK  aOW  DIAGRAM 


Following  is  a brief  overview  of  the  actual  work  required  by  each  of 
the  six  major  tasks: 

Task  I Develop  Contract  Performance  Plan 

Identify  Data  Sources  and  Agencies  to  be  Contacted. 
Prepare  Study  Schedule  and  Milestones. 

Complete  Contract  Performance  Plan. 

Kickoff  Meeting. 


Task  II  Historical  Data  Review 

Identify,  Obtain,  and  Analyze  C-130  (C-130E  Subset 
where  possible)  Research  and  Descriptive  Studies 
Documentation. 

Conduct  Structured  Interviews. 

Publish  Formal  Technical  Report. 

Task  III  Air  Force  Documentation  Search  and  Collection 

Identify  and  Screen  Available  C-130E  Data  Files. 

Obtain  Applicable  Experience  Data. 

Catalogue  Data  Files. 

Task  IV  Data  Analysis 

Evaluate  Data. 

Develop  Descriptive  Statistical  Summaries. 

Publish  Formal  Techrical  Report. 

Task  V Historical  Task  Analysis 

Select  Skills 

Identify  Tasks  for  Each  Skill. 

Develop  Task  Parameters. 

Task  VI  Life-Cycle  Cost  Analysis 

Coordinate  LCC  Model  Structure  and  Elements. 

Perform  LCC  Analysis. 

Generalize  LCC  Approach. 

Publish  Formal  Technical  Report  (Final). 

Develop  General  Data  Bank  Computer  Tape. 

Tasks  III  and  IV  were  completed  in  April  1977  and  are  reported 
in  this  document.  The  final  technical  report  contains  a complete 
review  of  the  entire  study. 

SCOPE 

The  scope  of  Tasks  III  and  IV  (as  shown  above) 
was  focused  on  the  C-130E  Hercules  aircraft.  The  study  was  further 
limited  to  Air  Force  data  collection  systems/documentation  within  the 
calendar  years  of  1962  through  1976  (15  years).  Figure  2 provides 
an  illustrative  relationship  of  these  two  tasks  to  other  tasks  being 
accomplished  under  this  contract. 

GENERALIZED  DATA  COLLECTION  AND  ANALYSES  METHODOLOGY 

Data  Search  and  Collection  Methodology 

Data  search  and  acquisition  techniques,  utilized  by  investigators 
of  this  study  are  summarized  in  Figure  3.  Subsequent  to  definition 
of  the  seven  data  categories  defined  in  Figure  3,  a thorough 
review/assessment  of  C-130E  data  histories  present  within  extant  his- 
torical repositories  was  completed.  Profiles  of  adequacy  and  complete- 
ness of  historical  data  were  developed.  Concomitant  dat?  weaknesses 
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and/or  additional  data  needs  were  then  tabulated.  Then  action  was 
initiated  whereby  additional  C-130E  historical  data  were  acquired. 

This  was  accomplished  via:  a)  search  for  data  within  extant  Boeing 

Libraries  and  other  data  centers,  b)  submittal  of  formal  correspondence 
to  appropriate  USAF  agencies,  and  c)  site  visitations  to  various 
Air  Force  Commands  and  bases.  The  relative  merit  or  applicability  of 
existing  and  newly  acquired  data  was  assessed  by  all  investigators, 
against  a set  of  predefined  criteria.  This  included,  but  was  not 
limited  to,  such  selection  questions  as:  a)  Do  the  data  apply  to  the 

C-130E  weapon  system?,  b)  Are  the  data  derived  from  direct  C-130 
operations  and  maintenance  reporting  systems?,  c)  Are  they 
continuous  data?,  d)  Do  they  cover  the  seven  data  element  categories 
delineated  in  Figure  3?,  e)  Are  the  data  quantitative  or  qualitative 
in  nature?,  and  f)  Will  the  data  enable  costing  for  the  "Life  Cycle 
Cost  Analyses,"  to  be  accomplished  later?  Data  selected  for  applica- 
tion to  this  study  were  logged  and  filed  into  a central  repository. 

This  repository  included  the  filing  of  all  hard  copy  data  as  well  as 
those  data  contained  on  microfiche,  magnetic  tape  and  slide  film. 

The  resulting  data  contained  within  the  central  repository  served  as 
the  "data  pool"  for  the  conduct  of  the  Data  Analyses  (Task  IV). 

Data  Analyses  Methodoloqy(ies) 


Figure  4 provides  an  illustrative  compendium  of  the  six  basic 
analytical  progressions  followed,  when  analyzing  the  C-130E  historical 
data  contained  within  the  central  data  repository.  Initial  analysis 
required  the  separation  and  collation  of  data  into  qualitative  (subjec- 
tive) and  quantitative  categories.  This  was  accomplished  for  each  of 
the  seven  data  categories  (e.g.,  operations  data,  human  resource  data, 
maintenance,  etc.)  itemized  under  blocks  2 and  3 of  Figure  4.  Subse- 
quent to  this  mechanical  sorting  procedure,  data  matrices  were  pre- 
pared against  each  data  element.  Data  summary  texts  were  prepared  in 
series  with  ten  discrete  evaluative  steps  taken  during  the  block  4 
analytical  phase.  Descriptive  and  statistical  summaries  of  each  of 
the  seven  data  elements  were  then  prepared  and  compiled.  These  data 
banks,  i.e.,  data  compilations,  matrices,  tables,  and  figures  for  each 
data  element  (step  6),  served  as  the  basis  upon  which-this  report  was 
wri tten . 


SUMMARY 

This  report  is  the  second  of  a series  of  four  reports  to  be  com- 
pleted under  this  study.  It  describes  the  work  accomplished  during 
Tasks  III  and  IV  of  a six  task  study  to  historically  analyze  the 
resource  utilization  of  the  C-130E  Hercules  aircraft. 

The  approach  to  Task  III  was  to  identify,  contact,  and  where 
possible,  collect  applicable  data  from  every  Air  Force  agency  that 
conceivably  might  have  current  and/or  historical  data  files/data 
repositories,  that  could  contribute  to  determining  the  human  and  material 
resources  utilized  in  direct  support  of  the  Air  Force  C-130E  Hercules 
aircraft  during  the  aircraft's  operational  years  (1962  through  1976). 


FIGURE  4 TASK  IV  - HISTORICAL  WEAPON  STSTENS  DATA  ANALYSES  METHOOOLOGY(IE$) 


The  approach  in  Task  IV  was  to  collate,  analyze  and  prepare  his- 
torical data  (when  data  histories  permitted)  into  chronological  queues. 
Development  of  quantitatively  derived  results,  when  placed  in  queues, 
enabled  investigators  to  formulate  conclusions,  trends  and  problem  state- 
ments about  the  C-130E  weapon  system.  Historical  data  voids  were  made 
apparent  via  this  analytical  technique. 

Results  acquired  during  this  task  serve  as  the  quantitative 
foundation  upon  which  discrete  life  cycle  costing  (Task  VI  - of  this 
study) of  C-130E  weapon  system  operations  will  be  accomplished.  Quanti- 
tative data  baselines  were  formulated  in  the  following  data  categories: 
a)  operations,  b)  maintenance,  c)  reliability,  d)  safety,  e)  human 
resources,  f)  material  resources,  and  g]  cost. 


II  - AIR  FORCE  DOCUMENTATION 
SEARCH  AND  COLLECTION 


A thorough  search  and  screening  for  usable  data  within  existing 
Air  Force  data  files  was  conducted.  The  identification  of  existing 
Air  Force  C-130E  data  files  was  accomplished  basically  following  the 
steps  as  shown  in  Figure  5. 


An  initial  list  of  data  elements  and  parameters  were  developed 
along  with  the  potential  data  source  and  location.  The  initial  list 
of  data  elements  and  parameters  contained  the  baseline  information 
required  to  backfill  15  years  of  Air  Force  C-130E  historical  resources 
utilization  data.  This  initial  set  of  data  elements/parameters  was  then 
screened  and  their  locations  were  established.  Detail  descriptions  of 
the  data  sources  and  interfaces  can  be  found  in  references  U>  and  ^ 
This  list  was  expanded  as  other  data  sources  were  identified  that 
could  contribute  to  the  overall  study  objectives  as  discussed  below. 


OBTAIN  APPLICABLE  EXPERIENCE  DATA 


The  data  collection  process  for  this  study  required  screening  and 
processing  of  products  from  many  sources.  Three  basic  approaches  were 
used  to  gather  the  data. 

First,  available  in-house,  previously  obtained  C-130E  data 
from  applicable  Air  Force  data  files  was  screened; 

Second,  a formal  request  letter  was  forwarded  to  organizations 
that  were  known  to  be  data  repositories  of  applicable  data  files/ 
information;  and. 

Third,  during  scheduled  site  visits,  specific  offices  were  visited 
and  knowledgeable  individuals  were  interviewed  to  identify, 
additional  data  files/information. 

Table  A-1 , Appendix  A,  contains  a list  of  the  actual  sources  and 
agencies  that  were- contacted  and  the  type  of  applicable  information 
that  was  obtained  and  screened.  Reflected  in  the  table  are  agency, 
location,  office  symbol(s)  function,  type,  and  quantity  of  data  obtained 
The  type  of  data  column  identifies:  a)  published  literature  that  was 
used  on  a prior  task  which  is  discussed  in  detail  in  AFHRL-TR-77-40, 
and  b)  Air  Force  data  systems  and  files  which  feed  later  efforts. 


^ AFLC/AFSC  Pamphlet  400-11,  "Reliability  and  Maintainability  Data 
Sources ." 

^ AFLC  Pamphlet  171-79,  "Data  Systems  Assignments,  Status,  and 
Interface." 
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FIGURE  5 AIR  FORCE  DOCUMENTATION  SEARCH  AND  COLLECTION  FLOW  DIAGRAM 
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The  "quantity  obtained"  columns  in  Table  A-1,  Appendix  A,  show  the 
number  of  reports  or  records,  if  the  data  is  computer  oriented,  and 
the  years  covered  by  the  data  obtained. 

The  actual  analysis  of  the  information  obtained  is  described 
later  in  detail.  However,  in  attempting  to  accumulate  the  C-130E 
historical  data,  the  following  problems  were  significant  enough  to 
warrant  being  highlighted  here  to  assist  in  the  planning  of  future 
efforts.  They  are  similar  to  many  of  the  problems  encountered  in 
acquiring  the  published. literature  for  the  earlier  tasks. 

(1)  There  is  no  one  data  repository/ system  that  provides 
visibility  into  weapon  system  historical  documentation. 

(2)  It  becomes  necessary  to  first  identify  all  of  the  various 
repositories  and  then  to  select,  collect,  and  piece  together  the  in- 
formation from  each  for  the  specific  weapon  system  and/or  data  element. 

(3)  Information  that  must  be  ordered  from  some  data  repositories 
requires  extremely  long  lead  time  prior  to  actual  information  delivery. 
In  some  cases,  even  after  repeated  requests  for  the  data,  the  data 
were  not  furnished  thereby  leaving  gaps  and  inconsistencies  which 
required  normalization  to  obtain  acceptable  study  results. 

(4)  Some  data  repositories  do  not  have  large  mechanized  systems 
and  have  only  one  document  on  file  (usually  hard  copy).  This  results 
in  a time-consuming  effort  for  review  and  reproduction  or  frequently 
reduces  or  eliminates  the  possibility  of  acquiring  needed  information. 

(5)  Data  repositories  may  have  copious  documents,  listings,  or 
reports  that  can  be  borrowed.  They  require  either  laborious  data 
extraction,  or  disassembly  - reproduction  - assembly  and  return  to  the 
home  office  which  requires  significant  manhours  for  accomplishment. 

(6)  Obtaining  need-to-know  and/or  proper  management  level 
attention  can  be  very  time-consuming,  particularly  in -situations 
where  organizations  or  individuals,  with  needed  information,  will  not 
release  the  information  without  "proper"  management  aoDroval  although 
"need-to-know"  has  been  established. 

(7)  The  predominate  USAF  policy  of  retaining  historical  data 
for  only  short  durations  (6  to  24  months)  or  as  in  most  cases  (6  to 
12  months)  prior  to  purge,  has  had  a profound  effect  on  the  ability 
to  get  continuous  historical  information  beyond  near  teiiu  periods. 

(8)  Changes  in  reporting  systems  as  to  format,  deletion  of  key 
data  elements,  or  in  some  cases  the  total  elimination  of  the  reporting 
system  causes  inconsistencies  and  data  gaps  for  this  type  of  study. 
This  problem  has  added  emphasis  if  the  data  were  computer  generated 

or  are  to  be  processed  by  a computer.  To  compensate,  programs  must 
be  written  to  accomnodate  various  input/output  record  styles,  which 
is  time-consuming  and  difficult,  but  necessary  to  maintain  consistency. 
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(9)  Computerized  data  on  magnetic  tape,  the  most  desirable  form 
for  large  quantities  or  years  of  data,  can  cause  long  delays  and 
excessive  computer  time  when  intended  data  elements  that  are  agreed 
to  are  not  on  the  tape  when  received.  Also,  allowance  must  be  made 
for  computerized  data  sets  which  do  not  track  the  documented  technical 
order  format  or  which  are  not  compatible  with  the  processing  equipment 
of  the  organization  doing  the  analysis.  This  requires  recoordination 
and  reprocessing  of  the  information. 


(10)  The  variance  in  data  systems  and  repositories  queried,  to 
obtain  the  many  types  of  data  required  for  the  study,  presented  a 
unique  situation.  Depending  on  the  data  system  or  repository,  each 
has  its  own  "in-house  peculiar  language"  that  must  be  used  when  dis- 
cussing and/or  retrieving  the  information  in  that  system.  This  pecu- 
liar language  barrier  varied  from  systems  that  could  be  queried  by 
weapon  system,  to  systems  that  could  only  be  queried  by  specific  national 
stock  number  (NSN)  for  a given  type  of  equipment  or  location.  Subsequently, 
it  becomes  extremely  time-consuming  to  track  status  and  consumption  of 
specific  items. 

DATA  CATALOGING: 

The  data  was  obtained  from  many  different  sources  as  described 
above  and  was  received  in  five  different  forms: 

Form  of  Data  Received  Percent 

1.  liard  copy  (1  istings/documents)  20% 

2.  Microfiche  20% 

3.  Magnetic  tape  50% 

4.  Card  deck  5% 

5.  Air  Force  report  forms  5» 

The  historical  data  acquired  were  screened  for  cataloging^  utilizing 
the  "yes-no"  decision  gates  (criteria)  as  depicted  in  Figure  B-1 , 

Appendix  B.  The  Historical  Weapon  System  Analysis  (HWSA)  Terminal 
Entry  Form  as  shown  in  Figure  B-2,  Appendix  B,  was  completed  on  all 
data.  The  data,  were  then  cataloged  into  a HWSA  master  file  via  a com- 
puter terminal  system.  These  entries  were  used  as  input  to  existing 
Boeing-developed  computer  programs  that  were  modified  to  meet  the 
criteria  for  this  study.  These  modified  programs,  in  turn,  provided 
various  outputs  or  sorts  of  the  information  that  allowed  the 
investigators  to  screen  the  data  by  particular  area  of  interest  during 
the  data  analysis  task. 
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sources  and  agencies,  c)  data  collection  and  review  methodology, 
d)  data  cataloging  for  analysis,  and  e)  results  of  the  overall  Air 
Force  documentation  search  and  collection  effort,  including  problems 
encountered  during  performance  of  the  task. 

Host  of  the  difficulties  encountered  during  this  study  were  resolved 
through  extensive  planning  of  trip  schedules,  developing  pre-trip 
focal  points  at  intended  target  agencies,  and  the  submittal  of  pre-trip 
letters  of  introduction  and  justification  prior  to  initiating  field 
trips. 

Problems  encountered  because  of  fragmented  or  non-existent  his- 
torical data  beyond  6 or  24  months  could  not  be  resolved.  The  general 
USAF  policy  concerning  retention  of  historical  data  should  be  re-examined 
in  the  light  of  today's  technology  with  microfilm  and  microfiche.  The 
current  practice  of  purging  entire  histories  of  data,  without  maintain- 
ing some  centralized  data  area/locus  precludes  total  acquisition  of 
actual  life  cycle  profile  data  (i.e.,  cost,  engineering,  supply  support, 
etc.).  As  a result,  the  information  identification  and  collection 
process  becomes  extremely  awkward  and  time-consuming  in  both  manpower 
and  elapsed  time,  and  requires  estimating  techniques  (such  as  a data 
normalizing  proc^ure)  to  fill  the  gaps.  The  long  lead  time  to  acquire 
data  should  also  be  considered  when  planning  future  similar  efforts. 
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Ill  - DATA  ANALYSIS 


The  information  identified  and  collected  in  Task  II  (published 
literature)  and  Task  III  (Air  Force  documentation)  was  edited  and 
screened  for  the  analysis  and  evaluation  process.  The  evaluation  con- 
sisted of  three  steps;  a)  development  of  a data  evaluation  matrix 
that  identifies  the  various  information  source(s)  and  evaluates  the 
type  of  information  available,  b)  development  of  applicable  techniques 
and  actual  computer  processing  of  the  data  collected,  and  c)  statistical 
analysis  and  presentation  of  the  applicable  information.  These  steps 
are  depicted  in  Figure  6. 


DATA  EVALUATION  MATRIX 


The  initial  step  was  to  develop  a data  evaluation  matrix  by 
analyzing  and  screening  the  data  by  elements,  into  seven  major  cate- 
gories; i.e.,  a)  operations,  b)  maintenance,  c)  reliability,  d)  safety; 
e)  human  resources,  f)  material  resources,  and  g)  cost.  A pedigree 
for  each  element  within  the  major  categories  was  then  formed  consist- 
ing of  source/agency,  location,  type  of  data/data  files,  and  data 
quantity/quality  as  shown  in  the  data  evaluation  matrix.  Table  1. 

In  addition  to  the  identification/availability  of  the  various  data 
sources  and  elements,  the  matrix  serves  as  an  index  of  the  major 
categories/elements  of  data  collected  and  used  in  performing  the  tasks 
of  this  study  program. 

COMPUTER  PROCESSING 
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vast  amounts  of  data  records/elements  collected,  large  scale  computers 
and  on-line  remote  terminal  processing  was  utilized.  Where  practical, 
existing  software  was  modified  to  meet  the  study  requirements  as  opposed 
to  total  program  development.  The  computer/remote  terminal  processing 
of  data  was  divided  into  one  of  three  major  areas  depending  on  type  of 
data  or  analysis  function.  The  areas  are;  1)  Logistics  Management  Data, 
2)  Time  Compliance  Technical  Orders,  and  3)  Depot  Data.  The  charac- 
teristics of  each  area  are  described  below. 
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AFM  66-1/AFM  65-110  (Maintenance/Reliability/Operations  Data) 


This  area  was  the  largest,  not  only  in  terms  of  total  records 
handled  (over  5.9  million),  but  in  statistical  outputs  for  analysis. 
The  data  was  extracted  from  the  Standard  Logistic  Management  System. 
Results  of  these  analyses  are  covered  in  the  vanous  categories  of 
the  statistical  summary  section  of  this  report.  Figure  C-1 , Appendix 
C,  indicates  the  steps  taken  from  initial  receipt  of  the  data  from 
AFLC  through  final  processing.  The  figure  also  indicates  the  major 
output  elements  generated  from  each  step  in  the  flow.  This  allows 
the  reader  to  track  the  processing  and  output  elements  without  being 
totally  cognizant  of  the  software. 


I HE  PRINTING  OF  THIS  DOCUMENT. 
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A detailed  description  of  the  processing  and  other  manual s/techni cal 
orders  used  for  data  interpretation  are  cor.tained  in  references  3 through 
8.  Derivation  of,  and  combination  of  codes  covered  in  the  above  ref- 
erences for  the  respective  data  eleifients  anc  rates  are  explained  in 
later  sections. 

AREA  II  - TIME  COMPLIANCE  TECHNICAL -ORDERS  (T.'iTO's) 

Fleet  Applicability  Reports  of  TCTO  modi ‘i cation  kits,  installed 
on  308  C-130E  aircraft  between  1962  and  1976  were  evaluated.  The 
magnitude  of  historical  data  extant  within  the  Fleet  Applicable  Reports, 
necessitated  the  use  of  a computer  system.  A total  of  956  computer 
printout  pages  of  historical  data,  encompassing  308  C-130E  Hercules 
aircraft  required  the  recompilation  and  printout  of  selected  TCTO 
histories,  namely:  a)  accomplished  intermediate  level-installed  TCTO’s 
by  aircraft  tail  numbers,  b)  installation  accomplished  at  depot  level, 
c)  accumulated  intermediate  and  depot  TCTO  installation  hours  by  year 
(1962  through  1976),  and  d)  composites  of  intermediate  and  depot  kits 
installed  by  year  and  tail  number.  Figure  C-2,  Appendix  C,  provides 
the  single  thread  sequential  logic  flow  followed. 

AREA  III  - DEPOT  DATA 

Acquisition  of  "Depot  Type"  data  was  the  most  difficult.  After 
visits  to  the  various  depots,  it  became  apparent  that  the  data  were 
not  weapon  system  oriented.  Also,  data  that  might  be  beneficial  were 
contained  in  several  different  data  collection  systems,  each  designed 
to  serve  its  own  function.  To  compensate  for  this  fragmented  data 
and  in  some  cases  no  data  at  all,  it  was  necessary  to  rely  on  depot 
data  acquired  and  processed  ff'r  other  studies  being  conducted  within 
Boeing.  This  approach  a''?eared  to  be  the  most  fruitful  within  the 
constraints  of  the  study  as  to  manpower  effort,  data  format  and 
completeness,  flow  time,  and  computer  processing,  development,  and 
execution.  In  addition,  the  results  of  these  studies  would  be  applicable 
and  allow  additional  concentration  in  other  data  acquisition  and 
analysis  areas. 

The  depot  data  utilized  were  acquired  from  various  government 
agencies  responsible  for  the  respective  data  system.  These  systems 
are  described  in  Reference  ^ • 

Figure  C-3,  Appendix  C,  illustrates  the  complex  interaction  and 
merging  of  these  data  systems  to  produce  appropriate  results  for  C-130E 
depot  information.  These  results  are  portrayed  in  the  maintenance, 
cost,  and  sumnary  paragraphs  of  this  section. 


As  previously  stated,  depot  maintenance  data  are  not  weapon  system 
oriented,  they  are  keyed  to  a component  national  stock  number  (NSN)  with 
desired  data  elements  in  several  data  systems.  To  overcome  this 
diversion  and  bring  the  data  elements  together  under  a weapon  system 
concept,  application  data  were  used  to  select  NSN's  applicable  to  the 
C-130E,  which  were  then  correlated  with  the  "NSN/WUC  Dictionary"  for 
component  work  unit  code  (UUC)  and  nomenclature,  and  then  screened 
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to  obtain  interchangeable  and  substitute  NSN's.  If  additional  infor- 
mation is  desired,  detail  description  of  the  programs  and  processing 
methodology  are  covered  in  Reference 

DATA  NORMALIZATION 


Air  Force  data  and  records  are  retained,  and  disposed  of  periodi- 
cally, in  accordance  with  Standard  Air  Force  Procedures.  As  could  be 
expected,  the  historical  support  resource  data  for  the  C-130E  is 
incomplete  over  the  15  year  operational  period  of  this  study.  Typically, 
six  or  more  years'  data  are  found  to  be  unavailable  for  each  data  set. 
Therefore,  to  overcome  this  deficiency,  a missing  data  estimation 
process  was  developed  to  fill  the  voids.  The  process  is  based  on 
simple,  least  squares  regression  analysis  of  the  known  data  and  is 
dependent  on  three  basic  assumptions: 

a.  Expenditure  of  support  resources  can  be  related  to  opera- 
tional parameters  (where  a full  15  years'  data  set  is  available)  on 
a cause-effect  basis.  These  relationships  can  take  the  primary  form 
of  ~ Operational  Parameter  - causes  - Support  Parameter  1 — or  the 
secondary  form  of  — Operational  Parameter  - causes  - Support  Parameter 
1 - causes  - Support  Parameter  2. 

b.  The  relationships  detected  can  be  represented  by  straight- 
line  functions. 

c.  The  missing  data  years  are  within  the  relevant  range  of 
the  straightline  functions  representing  the  data. 

A general  description  of  the  process  for  estimating  the  missing 
data,  based  on  the  foregoing  assumptions,  is  provided  in  Appendix  C. 

DATA  DEVELOPMENT 


The  vastness  of  data  acquired  and  the  various  types  and  categories 
of  data  presented  a unique  situation  in  data  handling  and  management. 
These  data  consisted  of  over  900  published  documents/reports/1 i stings/ 
indexes/  and  6.1  million  records  which  required  approximately  35,000 
Separate  ccinputatioris  to  develop  statistical  analysis  and  suirimaticns. 


To  effectively  and  efficiently  handle  the  data  and  ensuing  compu- 
tations, a remote  terminal  computer  system  was  employed  to  complete 
three  major  functions: 


a.  Historical  Weapon  System  Data  Bank  Category  Extraction; 

b.  Normal izatiofi  Distribution,  and 

c.  Data  tape  development  and  compilation. 


P 


Boeing  Document,  D745-10042-1 , "Depot  Maintenance  Data  Processing 
Definition." 
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Appendix  C Illustrates  this  procedural  flow  and  provides  a step 
by  step  explanation.  A data  tape  of  the  pertinent  Information  of  all 
tasks  was  developed. 

STATISTICAL  SUMMARIES 

C-130E  BACKGROUND 


It  seems  appropriate  at  this  point  of  the  study  to  present  a 
brief  history  and  description  of  the  C-130E  aircraft.  Limited  by 
the  scope  of  this  task  and  the  extensive  time  period  under 
examination,  a comprehensive  treatment  of  all  significant  aspects 
of  the  aircraft  Is  not  within  the  scope  of  this  study. 

Although  this  study  Is  devoted  to  the  "E”  series  of  the  C-130 
family,  the  following  significant  milestones  and  hereditary  tree 
will  bring  the  "E"  Into  a proper  perspective. 

Major  Initial  Milestones 


Development  contract:  1952 

Prototype  flights;  1954 

First  C-130A  deliveries:  1956 

First  C-130B  deliveries:  1958 

•►First  C-13QE  deliveries:  April  1962 


Series  Distinctions 


YC-130;  Prototype  model,  two  of  which  were  built. 

YC-130A;  The  1n1,t1al  production  version  with  3,750  shp 
Allison  T56-A-lA'or  -9  turboprops.  Some  231  were  built 
before  production  ended.  Including  12  for  the  Royal 
Australian  Air  Force.  Developments  and  modifications 
to  the  basic  C-130A  include  the  following; 

AC-130A:  Gunship  configuration.  Weapons  Include 
four  20mm  Vulcan  cannons  and  four  7.62  mm  miniguns, 
all  Gatling- type  guns  with  a combined  rate  of  fire 
of  34,000  rounds  per  minute. 

DC-130A:  Similar  to  C-130A,  except  capable  of 
controlling  a drone  aircraft  or  missile.  Crew  of 
four.  The  Na\y  has  two. 

RC-130A:  AC-130A  modified  to  perform  electronic 
aerial  geodetic  surveying  and  mapping. 


37 


C-130D:  A small  group  of  C-130As  modified  for  USAF  service 
in  the  Antarctic  with  combination  wheel/ski  landing  gear. 

RC-130S:  Modified  to  carry  the  Battlefield  Illumination 
Airborne  System  (BIAS). 

C-130B:  A modification  of  the  C-130A  with  increased  fuel  capa- 
city, more  powerful  T56-A-7  engines  and  heavier  landing  gear. 
Deliveries  were  made  to  Indonesia,  Canada,  Pakistan,  South  Africa, 
and  the  US.  Developments  and  modifications  of  the  basic  C-130B 
include  the  following: 

HC-130B:  A Coast  Guard  version  with  special  equipment  for 
search  and  rescue. 

JC-130B:  Modified  C-130Bs  equipped  for  Discoverer  satellite 

recovery. 

NC-13QB:  An  experimental  boundary  layer  control  test  bed 

for  USAF,  with  T56-A-6  turbojet  engines  mounted  under  the 
wings.  One-of-a-kind. 

WC-130B:  A C-130B  modified  for  Air  Weather  Service. 

C-13QF:  A Navy  utility  transport,  formerly  GV-IU. 

KC-130F:  Marine  Corps  aerial  tanker  with  crew  of  seven. 

LC-130F:  A Navy  ski -equipped  cargo/personnel  transport 
for  Antarctic  service. 

C-130G:  Similar  to  C-130  except  for  changes  in  certain 

electric  and  electronic  areas. 

EC-130Q:  ECM  version,  used  primarily  by  the  Marines. 

^ C-130E:  Similar  to  C-130B  but  with  increased  fuel,  weight  and 

load  carrying  capacity.  It  is  capable  of  carrying  92  troops, 

65  paratroops,  or  74  litters  with  two  attendants.  Ten  of  these, 
equipped  with  AN/USC-15  command  and  control  capsules,  are  used  for 
the  Airborne  Command  and  Control  (ABCC)  role.  The  C-130E  is  in 
the  inventories  of  Argentina,  Brazil,  Chile,  Iran,  Australia,  Canada, 
Chile,  Peru,  Saudi  Arabia,  Sweden,  USAF  and  U.S.  Coast  Guard. 
Developments  and  modifications  of  the  basic  C-130E  include: 

AC-130E:  An  improved  gunship  variation  with  "Suprise 

Package"  avionics  including  Low  Level  Light  Television 
(LLLTV), infra red  and  night  observation  devices.  Weapons 
carried  include  twin  40  nro  Bafors  cannons,  two  20  mm 
Vulcan  cannons  and  two  7.62  mn  mini  guns. 
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DC-T3QE:  A drone  control  version  for  the  Air  Force. 

EC-130E:  A special  version  for  the  Coast  Guard,  used  for 
electronic  calibration  of  LORAN  equipment. 

HC-13UE:  Specially  equipped  for  search  and  rescue  missions. 

Formerly  designated  SC-13CF. 

LC-130R:  Has  Naval  avionics,  T52-A-16  engines,  cold  weather 

modifications  and  skis. 

WC-13QE:  Modified  for  Air  Weather  service. 

C-1 30H;  A C-130E  with  C-130B  forward  cargo  door  installed 
and  some  C-130B  avionics.  A MAP  aircraft. 

C-130H:  A C-130E  airframe  equipped  with  more  powerful  T56-A-15 
engines  and  improved  avionics.  Developments  and  modifications  to 
the  basic  C-130H  include: 

HC-13QH:  Similar  to  HC-130E,  except  for  more  powerful  T56-A'-15 

engines.  Has  greater  range  due  to  increased  fuel  capacity  in 
the  fuselage  and  carries  the  Fulton  surface-to-air  recovery 
system  with  nose-mounted  yoke.  The  HC-130H  is  primarily  used 
for  search,  rescue,  surface-to-air  recovery  of  downed  crews, 
and  air-to-air  retrieval  missions. 


C-130K:  Basically  a C-130H,  modified  for  use  by  the  Royal  Air 

Force,  with  primarily  British  avionics.  Sixty-six  were  delivered 
to  RAF  Air  Support  Command. 


The  C-1 30  was  designed  and  constructed  as  an  assault  transport  by  | 
the  Lockheed-Georgia  Company,  Marietta, Georgia , yet  it  is  used  to  I 
perform  several  different  missions,  as  indicated:  I 


C-130A/B/0/E/H 

Logistics  (Air  Land/Air  Drop  of 
Cargo  and  Troops) 

MC-130A/H 

Gunship  Operations 

0C-130A/E 

Control  Aircraft  for  Drone 

RC-130A 

Photomapping 

HC-130H/N/P 

Search  and  Rescue 

JC-130B 

Missile  Tracker 

WC-130B/E/H 

Weather  Recon 

The  number  of  C-130E  aircraft  (as  of  fiscal  year  1977)  and  the 
percent  to  which  the  fleet  is  utilized  is  shown  in  Figure  7 and  8. 
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AC-130A/H 

23 

C-130A/D 

153 

C-130B 

101 

• C-130E 

329 

C-130H 

39 

HC-130H 

30 

HC-130N 

15 

HC-130P 

18 

WC-130H 

11 

Total  715* 

FIGURE  7 C-130  INVENTORY  BY  CONFIGURATION 
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FIGURE  8 C-130  MISSION  UTILIZATION 


As  a prelude  to  the  statistical  system  summaries  and  respective 
trends,  and  for  a better  understanding  of  the  aircraft  and  its  various 
systems  makeup.  Figures  C-4  through  C-9,  Appendix  C,  reflect  the  air- 
craft's major  dimensions,  specifications,  characteristics,  and  the  high- 
lights pertaining  to  each  system. 

CATEGORIES  OF  DATA 

Seven  major  categories  of  data  were  developed  to  logically  and 
systematically  portray  the  data  acquired  and  aid  computer  processing 
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and  analyses:  1)  operations.  2)  mal ntenance . 3)  i^li ability.  4)  safety, 

5)  human  resources.  6)  material  resources,  and  7)  cost,  ^ch  of  these 
are  discussed  separately  in  detail  in  the  form  of  charts , tables, 
figui'es,  and  results/findings  to  portray  a historical  15  year  footprint 
from  the  first  year  of  introduction  into  Air  Force  service  (1962) 
through  present  (1976). 

OPERATIONS  DATA 


To  set  the  stage  for  this  category  and  the  ensuing  six,  it  is 
appropriate  to  iterate  that  this  section  of  the  document  will  be  primar- 
ily devoted  to  the  analysis  and  statistical  presentation  of  15  years 
worth  of  C-130E  data.  To  acquaint  the  reader  with  the  events  in  history 
that  took  place  prior  to  and  during  the  study  time  period  in  which  the 
C-130  played  a major  role  and  thus  the  generation  of  these  data,  one 
must  start  with  the  Congo  Airlift.  Between  1960  and  1964,  the  U.S.  Air 
Force  flew  .nore  than  2,000  missions  in  history's  longest  airlift  (up 
to  that  point  in  time),  reaching  5,000  miles  from  Europe  around  Africa's 
coast  to  the  Congo.  Next  came  the  October  1962  Cuban  Crisis  where 
ammunition  for  TAC  composite  air  strike  forces  was  rapidly  airlifted 
to  Florida,  and  U.S.  Marines  to  Guantanamo  Bay,  Cuba.  The  C-130E's 
were  also  heavily  involved  in  the  airlift  operations  to  Vietnam  which 
began  in  the  early  1960's  and  accounted  for  the  surges  or  peakes  in  the 
statistics  so  evident  in  the  other  categories.  During  this  same  peak 
period,  1965  through  1966,  the  Dominican  Republic  crisis  also  required 
heavy  airlift  support.  Since  these  major  'nci dents  and  with  the 
introduction  of  the  C-141  into  the  inventory,  there  has  been  a general 
reduction  in  C-130E  utilization. 

Statistics 


The  commonly  referenced  aircraft  operational  parameters  are  shown 
in  Table  2.  Definitions  and  derivations  of  these  parameters  are  covered 
in  the  Glossary  of  Terms.  Table  3 is  a summary  of  the  aircraft  procure- 
ment and  Table  4 the  individual  aircraft  serial  numbers.  In  Table  3 
the  aircraft  attrited  and  active  aircraft  columns  are  for  aircraft  of 
that  serial  number  year  and  should  not  be  interpreted  as  for  that 
calendar  year. 

Data  source  for  Table  2 was  AFM  65-110  (l-HAF-Al-110-12)  and  for 
Table  3 and  4 was  WRALC  (MMSRBA)  C-130E  Serial  Chart/ER-70-70M. 

MAINTENANCE  DATA 

The  maintenance  of  most  weapon  systems  constitutes  the  major  portion 
of  resources  and  effort  and  this  statistical  presentation  and  analysis  is 
no  exception.  To  systematically  portray  the  information,  the  data  were 
divided  into  divisions,  mainly  manhours,  tasks,  TCTO,  and  other. 

These  divisions  are  depicted  in  Figure  9.  The  other  category  consisted 
of  those  areas  where  although  they  would  appear  to  be  subsets  of  the 
other  three,  the  data  appeared  to  dictate  a separate  division. 
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In  general,  each  minor  division  is  further  sub-divided  into  three 
areas  of  presentation:  a)  per  1000  flight  hours,  b)  percent  distribution, 
and  c)  per  sortie.  In  these  presentations  the  following  features  are 
highlighted  for  ease  in  interpretation  and  understanding.  Each  year  of 
normalized  data  is  indicated  with  an  asterisk  (*),  dll  others  are  actual 
acquired  data.  Generally,  if  a given  data  element  value  is  zero,  data 
were  available  but  .after  computing,  the  result  was  insignificant.  If  a 
dash  (-)  appears,  it  signifies  no  data  were  acquired  or  recorded/ reported. 
Variations  in  decimal  presentations  resulted  from  using  previously 
determined  values  and  computer  generated  values. 

Tables  0-1  through  D-47  are  provided  in  Appendix  D.  They  are  self- 
explanatory,  only  those  that  require  additional  explanation  or  contain 
significant  anomalies  will  be  discussed. 

SUPPORT  GENERAL  - TABLE  0-1 


This  table  depicts  the  support  general  manhours  expended  on  the 
C-130E  aircraft  curing  the  15  years  under  consideration.  It  is  signifi- 
cant to  note  that  only  four  years  of  actual  data  are  displayed,  with  the 
•remaining  being  derived  from  the  normalization  process.  This  is  a 
departure  from  the  majority  of  the  data  tables  in  that  eight  years  of 
actual  data  are  normally  shown.  The  lack  of  data  is  caused  by  Air  Force 
policy  in  that  only  03  and  04  support  general  data  are  forwarded  to  AFLC 
from  operational  bases.  Total  data  are  retained  by  the  bases  for  one  year 
and  (outside  of  data  on  hand  at  Boeing),  only  the  current  year  was  acquired. 

TYPE  DISTRIBUTION  - TAELE  0-5 

This  table  shows  the  percent  cistribution  of  organizational  and 
intermediate  (combined)  manhours  by  servicing  (SV),  scheduled  (SC), 
unscheduled  (UN)  and  other  (OT).  The  distribution  covers  each  aircraft 
system  and  for  only  the  years  1971  through  1976.  This  type  of  percent 
distribution  data  does  not,  for  obvious  reasons,  lend  itself  to  meaningful 
normalization  results.  If  a manhour  distribution  were  desired  for  a 
given  year,  prior  to  1971,  the  six  year  percentage  averages  of  actual 
data  could  be  applied  to  determine  the  spread. 


The  type  maintenance  codes  used  in  each  of  the  four  divisions  are 
covered  in  the  definition  section  of  this  report. 


ORGANIZATION  MANHOURS  - TABLE  D-9 

The  significant  anomalies  noted  for  this  breakout  of  manhours  fell 
into  systems  64  and  65  for  1971  and  systems  12,  14,  and  41  for  1974. 

It  should  be  noted  that  in  order  to  determine  the  reason  for  this  irre- 
gularity, actual  data  are  required  and  preferably  on  both-  sides  of  the 
year  in  question.  Also,  this  in  itself  is  limited  to  the  quantitative 
aspect  and  brief  malfunction  coding  of  the  data.  Qualitative  data  would 
be  required  from  the  using  organizations  which  was  beyond  the  scope  and 
resources  of  this  study.  Even  then,  for  older  problems,  it  wo'uld  be 
difficult  if  not  impossible  to  obtain.  Therefore,  only  what  can  be 
gleaned  from  the  data,  historical  reports,  and  most  probable  causes  are 
indicated. 
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Cockpit  and  Fuselage  Compartment  (12)  - Table  D-9 

During  1974  the  organizational  manhour  expenditures  Increased  58% 
over  1973.  The  dual  rail  cargo  kit,  aft  cargo,  and  forward  cargo 
furnishings  accounted  for  53%  of  this  Increase  with  each  Increasing  95, 
99,  and  78  percent  respectively.  The  dual  rail  cargo  kit's  primary 
malfunction  mode  was  "no  defect,"  with  82%  of  the  actions  being  to 
remove  and  Install. 

In  the  aft  cargo  subsystem  the  primary  manhour  contributors  were 
the  cargo  securing  equipment,  general  furnishings,  and  equipment  stowage. 
Each  increased  185,  215,  and  90  percent,  respectively.  Loose  or 
missing  bolts-nuts-screws  were  the  primary  malfunction  modes. 

For  the  forward  cargo  furnishings,  the  general  furnishings, 
carvjo  securing  equipment,  and  floor  panels  were  the  major  contributors. 
Each  Increased  704,  399,  and  93 percent,  respectively.  Similar  to  aft 
cargo,  the  same  malfunction  modes  prevailed  with  a pronounced  Increase 
In  "no  defect"  remove  and  Install  actions. 

Equipment  modifications  or  Increased  familiarity  with  the  system 
appears  probable  as  the  manhour  expenditures  reduced  In  1975  to  almost 
a pre-1974  level. 

Flight  Controls  (141  - Table  D-9 
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A second  area  of  significant  organizational  manhour  (Table  D-9) 
expenditure  Increase,  up  42%,  was  In  flight  controls.  The  mechanical 
components  In  the  wing  flap,  elevator  tab,  and  elevator  assembly 
accounted  for  70%  of  this  Increase  with  each  Increasing  47,  187,  and 
68  percent  respectively.  Within  the  wing  flap  system,  the  housing 
assembly,  jackscrew  and  center  flap  assembly  each  Increased  371,  71,  and 
36  percent  respectively.  The  primary  modes  were  loose  or  missing  nuts- 
bolts,  etc.,  cracked,  and  dirty.  In  the  elevator  tab  assembly,  the 
flexible  shaft  and  tab  Itself  exhibited  534  and  62  percent  increases 
respectively.  "No  defect"  time  change  mode  accounted  for  this  departure. 

The  access  olate,  cable  assembly,  and  elevator  torque -tube  increased  359, 

188,  and  157  percent  respectively  within  the  elevator  assembly.  The 
same  modes  prevailed  here  as  in  the  tab'.  This  inspection  and  replace- 
ment effort  was  completed  In  1974  and  the  manhour  expenditure  reduced 
to  a pre-1974  level  In  1975. 

Air  Conditioning,  Pressurization,  and  Anti-Ice  (41)  - Table  D-9 

The  system  manhour  expenditure  Increased  38  percent  with  the  water 
separator,  refrigeration  unit,  and  anti-ice  radome  accounting  for  25 
percent.  Remaining  increase  components  were  scattered  throughout  the 
system.  In  general,  components  within  these  subsystems  were  being 
removed  as  '.*no  defect"  In  compliance  with  scheduled  maintenance  and  technical 
order  incorporation. 


Interphone  (64)  - Table  D-9 

Systems  within  the  aircraft  did  not  always  increase  the  manhours 
but  decreased  as  was  the  case  in  the  interphone  from  1971  to  1972. 
Although  the  decrease  was  not  as  significant,  only  16  percent,  as  the 
previously  discussed  increases,  it  does  show  improvements  to  the  aircraft. 
Analysis  of  the  data  malfunction  modes  did  not  indicate  a probable 
cause  for  this  improvement. 


IFF  (65)  - Table  D-9 

This  system  also  fell  into  the  improvement  category  with  a sig- 
nificant decrease  in  manhour  expeditures  of  72  percent  between 
1971  and  1972.  In  this  instance,  tha reduction  was  attributable  to  the 
replacement  of  the  AN/APX-25  with  the  AN/APX-72  (AIMS)  system. 

INTERMEDIATE  MANHOURS  - TABLE  D-12 


In  this  category  of  manhour  expeditures  four  systems  are  worthy 
of  mention:  systems  12,  42,  47,  and  65  (the  first  two  for  the  1976  year 
the  last  for  the  1971  period). 

Cockpit  and  Fuselage  Compartment  (12)  - Table  D-12 

Following  the  pattern  of  system  12  organizational  manhours  the 
intermediate  manhours  increased  150  percent,  but  for  a totally  dif- 
ferent reason.  In  this  case  the  furnishings  for  the  center  cargo, 
flight  deck,  and  forward  cargo  increased  317,  210,  and  150  percent, 
respectively,  representing  79  percent  of  the  total  increase.  Analysis 
of  the  data  showed  that  the  cargo  compartment  insulation  blankets, 
crew  seats  and  seat  cushion  repairs  were  the  major  contributors.  It 
would  appear  that  a general  housekeeping  improvement  effort  was 
undertaken. 

Electrical  Power  (42)  - Table  D-12 

This  system  increased  60  percent  in  manhour  expeditures  with 
the  battery  accounting  for  almost  90  percent.  Examination  of  the 
data  did  not  indicate  a plausible  reason  for  this  change. 

Oxygen  (47)  - Table  D-12 

A reduction  in  manhours  for  this  system  of  55  percent  was  primarily 
attributed  to  the  GCJ-171A  converter  and  CRU-471A  regulator,  which 
decreased  60  to  30  percent,  respectively.  Analysis  of  the  malfunction 
modes  indicates  that  the  previously  reported  leakage  problem  has  been 
corrected.  This  was  probably  due  to  improved  sealing  or  procedural  changes. 
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IFF  (65)  - Table  D-12 

As  discussed  in  the  previous  organizational  manhour  section,  the 
change  from  AN/APX-25  to  AN/APX-72  also  provided  a 79  percent  reduction 
in  intermediate  manhour  expeditures. 

MAINTENANCE  TASKS  - TABLE  D-18 


It  is  apparent  in  a weapon  system  that  has  been  in  the  inventory 
for  many  years  like  the  C-130E,  an  increase  or  decrease  in  organizational 
or  intermediate  manhours  will  generally  have  the  same  effect  on  tasks. 
Yet,  the  increase  or  decrease  may  be  more  evident  in  one  category  than 
the  other.  Therefore,  in  the  analysis  of  task  variance,  only  systems 
with  anomalies  not  previously  covered  will  be  discussed  in  this  section. 

Ai rf rame  (H  ) - Table  0-18 
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The  organizational  airframe  tasks  increased  86  percent  in  1974  over 
1973  with  the  cargo  section  and  wing  inboard  increasing  107  and  80 
percent,  respectively.  The  wheel  well  assembly  area  and  associated 
access  plate,  wing  trailing  edge  area  and  inboard  panel  were  the  primary 
task  contributors  with  loose  or  missing  rivets,  screws,  or  fasteners. 
These  types  of  malfunction  repairs  would  account  for  a task  count 
increase. 

Lighting  System  (44)  - Table  D-18 

This  system  experienced  a 100  percent  increase  in  organizational 
tasks  between  1973  and  1974.  The  predominate  component  was -the  bulb 
used  in  the  cargo  dome  lights,  formation  lights,  and  instrument  panel 
lights.  The  data  did  not  indicate  the  reason  for  this  mass  replacement; 
However,  the  following  year  the  task  rate  was  back  to  normal. 

TIME  COMPLIANCE  TECHNICAL  ORDER  (TCTO’s) 

Time  Compliance  Technical  Orders  (TCTO),  used  as  the  contract 
vehicle  for  modification  of  the  C-130  weapon  system  were  collected, 
and  analyzed.  The  data  acquired  from  Warner  Robins  Air  Logistics 
Center  (WRALC),  Robins  Air  Force  Base,  Georgia  (RAFB,  GA),  included 
C-130E  Fleet  Applicability  Report  TCTO  histories  of  308  C-130E 
aircraft.  The  file  covered  the  period  of  1962  through  1976.  TCTO 
data  acquired  from  these  reports  provided  a comprehensive  compendia 
of  TCTO's  installed  at  the  field/intermediate/depot  level  denoting 
the  following  data  fields  by  C-13CE  aircraft: 

1)  TCTO  number (s). 

2)  Date,  code  number. 

3)  Technical  Order  date. 

4)  Rescission  date. 

5)  Status  completion  date. 

6)  Reported  manhours  required  to  install  each  TCTO  kit. 
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The  manner  in  which  these  data  were  compiled,  formatted  and  analyzed 
in  delivering  TCTO  results  annotated  below,  was  summarized  In  Figure  C-2 
(appendix  C).  C-130F  Fieet  Applicability  Data,  are  displayed  in  tabular 
form  or  frequency  polygons  below. 

TCTO  Installation  Histories  (Intermediate  and  Depot  Levels) 


Data  synthesized/compiled  and  printed  out  via  computer,  were  manu- 
ally plotted  into  frequency  polygons.  These  polygons  as  reflected  in 
Figures  10  and  11  depict:  a)  Accumulated  numbers  of  TCTO  kits  installed 

at  the  intermediate  maintenance  level  during  the  calendar  years  of 
1962  through  1976,  b)  accumulated  numbers  of  TCTO  kits  installed  at 
the  depot  maintenance  level  during  1962  through  1976,  c)  composites  of 
intermediate  and  depot  level  TCTO  kits  installed  during  each  year  of 
the  fifteen  year  period,  d)  hours  expended  to  install  TCTO  kits  at  the 
intermediate  maintenance  level  during  each  of  the  15  years,  e)  hours 
expended  to  install  TCTO  kits  at  the  depot  during  the  1962-1976,  and 
f)  a composite  of  total  hours  expended  to  install  TCTO's  at  the  inter- 
mediate and  depot  maintenance  levels.  These  figures  provide  compre- 
hensive compendia  of  TCTO  installation  numbers,  and  hours  accrued  by 
308  C-13QE  aircraft. 


Installed  TCTO  Kits  (Intermediate  and  Depot  Level) 

It  becomes  apparent  by  inspection  of  Figure  10  that  modifications 
at  the  intermediate  level  were  sporadic.  This  is  principally  due  to 
contracting  methods  employed  by  the  Systems  Program  Office  (SPO)  as 
well  as  phasing/scheduling  of  kit  production  line.  The  multi-modal 
frequencies  noted  during  1966,  1968,  1971  and  1974  reflect  the  manu- 
facturer's production  line  surges  and  resultant  batcn  installations 
that  occur.  These  multi-modal  distributions  as  depicted  in  Figure  10 
have  been  observed  in  other  weapon  systems  such  as  the  B-52's,  and 
Minuteman. 

Accumulated  TCTO  kits  installed  at  the  depot  during  the  15  year  period 
reflect  some  characteristics  of  a normal  distributionjwith  a truncated 
number  of  kits  installed  during  1971.  Apparent  within-  this  figure  is 
the  obviously  smaller  number  of  kits  installed  at  the  depot  as  compared 
to  that  experienced  at  the  intermediate  maintenance  level.  However, 
this  can  not  be  used  as  an  indicator  of  concomitant  TCTO  hour  accumu- 
lations that  one  might  expect  in  the  area  of  intermediate  maintenance. 
Although  most  TCTO  kits  are  installed  at  the  intermediate  maintenance 
level,  the  average  installation  hours  per  TCTO  is  one  order  of  magnitude 
less  than  that  experienced  at  the  depot.  Less  than  900  TCTO  kits  were 
installed  at  the  depot  (1972)  as  compared  to  4060  kits  installed  at  the 
intermediate  level  during  the  peak  year  of  1966.  It  is  suspected  that 
the  marked  reductions  of  depot  installed  kits  (apparent  during  the  1973 
through  1976  time  period)  merely  represent  an  Intermission  or'interlude 
and  that  a rise  in  depot  installed  TCTO  kits  or  modifications  can  be 
expected  in  the  future.  Further,  apparent  from  the  acquired  data  is 
the  fact  that  TCTO  kits  to  be  installed  into  designated  aircraft  at 
the  depot,  accumulate  or  are  queued,  scheduled  and  implemented  on  a 
more  consistent  basis  than  that  experienced  at  the  intermediate  level. 
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Figure  10  provides  a composite  overview  of  all  TCTO  kits  Installed 
between  1962  and  1976.  This  figure  provides  an  excellent  Illustration 
of  the  relative  proportional  differences  of  numbers  of  intermediate  and 
depot  level  kits  Installed  during  any  given  year  between  1962-1976. 

The  table  on  this  figure  provides  a numerical  summary  of  numbers  of 
kits  Installed  by  maintenance  level  during  each  of  the  15-year  Intervals. 

TCTO  Installation  Hours 


The  multi-modal  distribution  of  accumulated  hours  to  install  kits 
at  the  Intermediate  level  and  depicted  In  Figure  11,  parallel  somewhat 
the  same  multi-modal  distributions  found  In  Figure  10.  Peaks  of  81,570 
and  85,814  hours  occurring  during  1966  and  1968  respectively,  represent 
the  highest  Installation/manhours  profiles  that  have  occurred  throughout 
the  reporting  period.  Significant  reductions  In  TCTO  Installation  hours 
per  year  occurring  from  1969  through  1976  follow  the.  general  downward 
trend  of  numbers  of  kits  Installed  during  the  same  reporting  period. 

The  relatively  low  numbers  of  accumulated  Installation  hours  per  year, 
when  compared  with  the  high  number  of  TCTO  kits  installed  per  year 
clearly  demonstrate  that  modifications  accomplished  at  the  intermediate 
level  are  limited  to  those  kits  requiring  less  than  25  Installation 
hours  per  kit. 

Annual  profiles  of  hours  expended  to  Install  depot  controlled  kits 
reflect  an  Inverse  relationship  to  numbers  of  kits  installed  per  annum. 
Significantly  greater  numbers  of  hours  are  expended  at  the  depot 
than  at  the  intermediate  level.  This  Is  In  spite  of  the  fact,  that 
fewer  kits  are  Installed  at  this  maintenance  echelon.-  Figure  11 
clearly  demonstrates  that  major  modifications,  planned  and  scheduled 
on  the  C-130E  weapon  system,  are  conducted  under  the  auspices  and 
control  of  AFLC  depot  repair  sites.  Further,  it  Is  apparent,  that 
a latency  In  modification  needs  occurred  with  the  C-130E  aircraft. 
Dramatic  Increases  In  accumulated  TCTO  installation  hours  did  not  occur 
until  after  1967  whereas  Intermediate  Installation  hours  reflect  a more 
general  or  diffuse  distribution  earlier  In  the  lifetime  of  the  C-130E 
aircraft.  This  Is  as  would  be  expected  as  the  Aircraft  Structural 
Integrity  Program  (ASIP),  resulting  In  major  modifications  to  the  outer 
wings,  center  wing,  empennage  and  fuselage  did  not  occur  until  1968. 
Furthermore,  continued  high  depot  consumption  hours  per  year  subsequent 
to  1968  reflect  the  on-going  needs  of  depot  modifications  due  to  air- 
craft aging.  Figure  11  provides  a composite  distribution  of  accumulated 
TCTO  kit  installation  hours  at  both  the  Intermediate  and  depot  mainten- 
ance echelons. 

A total  of  4,253,582  kit  Installation  hours  were  recorded 
against  the  308  C-130E  aircraft  between  1962  and  1976.  Depot  accounts 
for  91%  (3,888,374  hours)  of  all  accountable  Installation  hours. 
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HISTORICAL  imCRHEUIAlE  AND  DEPOT  LEVEL  TCTO  EXPENDITURE  PROFILES  (ACCtUUijITED  HOURS) 
10G2  THROUGH  1076 


DEPOT  MAINTENANCE  ACTIONS 


As  previously  discussed  in  the  computer  processing  section  on 
depot  data,  two  primary  data  categories  were  assembled:  maintenance 
actions  (tasks)  and  cost  per  flying  hour.  The  cost  results  are 
covered  in  the  applicable  section  and  the  maintenance  actions  (tasks) 
per  1000  flight  hours  and  percent  each  system  contributed  to  the  total 
is  shown  in  Table  5. 

GROUND  SUPPORT  EQUIPMENT 

Historical  data  on  ground  support  equipment  specifically 
dedicated  to  the  C-130E  were  integrated  within  the  total  used.  As 
in  other  areas  of  data  uncovered  within  this  study  the  cost  in 
resources  to  acquire,  process,  and  analyze  data  was  prohibitive  to  the 
overall  objectives. 

To  provide  some  insight  into  the  type  and  quantity  of  equipment 
assigned,  operating  time,  and  cost.  Table  6,  is  a composite  of  ground 
support  equipment  (GSE)  information  acquired  during  the  base  visits. 

INSPECTION  PROGRAM 


During  the  time  period  of  this  study  the  maintenance  inspections 
employed  on  the  aircraft  have  been  both  fixed,  such  as  preflight, 
basic  postflight,  etc.,  and  variable  covering  the  hourly  postflight, 
periodic,  phase,  and  isochronal  concepts.  Figure  12  shows  the  current 
maintenance  and  inspection  programs.  These  programs  provide  a complete 
spectrum  of  review  and  each  program  contains  inspections  of  some 
critical  area  peculiar  to  the  program.  The  respective  inspection 
task  and  flying  hour  interval  at  which  each  task  will  be  accomplished 
is  reflected  in  the  Figure.  The  programmed  depot  maintenance  (PDM) 
covers  those  areas  that  must  be  accomplished  at  the  depot  due  to’ 
equipment,  skills,  tools,  facilities,  and/or  economy.  A majority  of 
the  fleet  is  on  a 36  month  PDM  interval.  A portion  of  the  C-130E's 
are  on  a 24  month  interval  due  to  more  severe  operating  environment/ 
mission  profiles.  The  analytical  condition  inspection"(ACI)  require- 
ments are  accomplished  in  conjunction  with  the  PDM. 

CORROSION 


The  C-130E  Appendix  C-  Strengths,  Weaknesses  and  Problem  Area 
(1962-1976)  of  Reference  [JD>  contains  discussions  on  corrosion  as 
they  occurred  chronologically  starting  with  1962  through  the  present. 
Since  these  data  were  narrative  in  nature  and  not  statistical,  D056E 
(AFM  66-1)  was  analyzed  for  additional  information.  Immediately  it 
become  obvious  that  statistically  all  corrosion  actions  and  manhours 


JT5>  AFHRL-TR-77-40,  C-130E  Hercules  Aircraft:  Review  of  Published 

Literature  and  Structured  Interviews. 
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TABLE  5 C-130E  DEPOT  MAINTENANCE  REPAIR  TASKS  BY  SYSTEM 


(EXaUDES  ENGIN 

BS) 

SYS. 

FY  1975-1976 

NO. 

SYSTEM  NAME 

MAINTENANCE 
ACTIONS/ 
1000  FH 

SYSTEM  S 
OF  TOTAL 

11 

AIRFRAME 

2.128 

0.36 

12 

COCKPIT  AND  FUSELAGE 

4.135 

0.71 

13 

LANDING  GEAR 

24.503 

4.20 

14 

aiGHT  CONTROLS 

7,’566 

1.20 

22 

TURBO  PROP  POWER  PLANT 

- 

- 

24 

AUXILIARY  POWER  PLAfT 

7.014 

1.20 

32 

HYDRAULIC  PROPELLER 

18.379 

3.15 

41 

AIR  CONDITIONING,  PRESSURIZATION 

22.466 

3.85 

42 

ELECTRICAL  POWER  SUPPLY 

6.459 

i.ii 

44 

LIGHTING  SYSTEM 

- 

- 

45 

HYDRAULIC  AND  PNEUMATIC 

11.126 

1.91 

46 

FUEL 

22.842 

3.91 

47 

OXYGEN 

7.716 

.1.32 

49 

MISCaUNEOUS  UTILITIES 

4.511 

0.78 

51 

INSTRUMENT:* 

13.171 

2.26' 

52 

AUTOPILOT 

17.004 

2.91 

55 

MALFUNCTION  ANAL.  & RECORDING  EQUIP. 

- 

- 

61 

HF  COmJNICATIONS 

4.507 

0.77 

62 

VHF  COMMUNICATIONS 

0.538 

- 

63 

UHF  COMMUNICATIONS 

5.114 

0.88 

64 

INTERPHONE 

1.454 

0.25 

65 

IFF 

2.361 

0.40’ 

66 

EMERGENCY  COMMUNICATIONS 

3.026 

0.52 

69 

MISC.  COMMUNICATIONS 

- 

- 

7l 

RADIO  NAVIGATION 

14.062 

2.40 

72 

RADAR  NAVIGATION 

32.094 

5.50 

91 

EMERGENCY  EQUIPMENT 

- 

- 

96 

PERSONHa  EQUIPMENT 

- 

- 

97 

EXPLOSIVE  DEVICES 

- 

- 

*99 

MISC. 

TOTAL 

351.951 

584.127 

60.25 

•NOTE:  HI5C.  INCLUDES  ITE!’S  FROM  ALL  SYSTEMS  WHERE  NO  HATCH  COULD 
BE  HADE  BETWEEN  KSN/WUC 
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were  not  discernible  as  some  became  part  of  other  tasks.  For  a 
recent  time  period  of  C-130E  data,  only  1.21%  of  the  total  organ- 
izational tasks  were  identifiable  as  corrosion  which  in  turn  repre- 
sented only  .85%  of  the  total  aircraft  system  maintenance  manhours. 

The  data  system  does  allow  for  the  identification  of  corrosion 
tasks  and  manhours  but  accurate  reporting  requires  time  and  effort 
to  separate  and  record  the  corrosion  part  of  any  repair  task. 

RELIABILITY  DATA 

Reliability  as  defined  in  AFM  11-1,  Volume  I ^ isf.  "The 
probability  that  a system,  subsystem,  or  equipment  will  perform  a 
required  function  under  specified  conditions,  without  failure  for 
a specified  period  of  time."  This  section  of  the  report  covers 
the  statistical  results  via  various  parameters  of  components  that 
did  not  meet  that  criteria. 

The  resultant  analysis  of  processed  AFM  66-1  data,  both  actual 
and  normalized,  has  been  divided  into  five  major  categories;  a) 
organizational  and  intermediate  failures,  b)  components  repaired 
off  base  or  NRTS,  c)  components  condemned,  d)  material  mission  aborts, 
and  e)  percent  of  failures  via  when  discovered.  The  first  three 
categories  are  shown  by  system  via  three  breakouts:  a)  per  1,000 
flight  hours,  b)  percent  distribution,  and  c)  per  sortie.  The 
fourth  category  has  these  same  breakouts  with  an  additional  display 
of  aborts  via  ground  and  flight  per  1000  flight  hours. 

The  fifth  category  required  the  grouping  of  both  organizational 
and  intermediate  failures  into  four  separate"when  discovered "divi- 
sions: a)  before  flight,  b)  in-fliqht,  c)  between  flight,  and  d) 
during  an  inspection.  As  with  all  categories/divisions  within  this 
report  the  definition  of  terms  explicitly  defines  the  respective 
makeup  of  codes  used  to  arrive  at  the  term. 

Since  specialized  processing  was  required  for  thTs  fifth 
category  distribution  and  the  normalization  process  would  not  lend 
meaningful  results  only  the  most  current  year  was  analyzed.  Table 
E-1,  Appendix  E,  displays  the  results  by  system. 

Tables  E-2  through  E-4  display  the  failure  statistics;  E-5 
through  E-7  the  components  repaired  off  base  or  NRTS,  E-8  through 
E-10  the  condemned  components;  and  E-11  through  E-14  the  material 
mission  aborts. 


|T3>  AFM  11-1,  Volume  I,  USAF  Glossary  of  Standardized  Terms. 
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Following  the  same  pattern  as  in  the  maintenance  section,  only 
those  tables  that  require  additional  explanation  or  contain  significant 
anomalies  will  be  discussed. 

Failures  - Airframe  (11) 

During  1974,  the  failures  in  this  system  had  a very  significant 
increase  over  1973,  slightly  over  lOOX,  as  indicated  in  Table  E-2. 

Four  major  areas:  cargo,  wing  in-board,  nacelles,  and  doors  (paratroop, 
main  landing  gear,  crew)  accounted  for  almost  54X  of  this  increase. 

The  primary  malfunction  modes  were  loose  or  missing  bolts-nuts-screws 
and  cracks.  These  types  of  malfunctions  are  indicative  of  wear  out,  as 
the  C-130E  was  13  years  old  in  1974.  Although  the  rate  did  drop  28J 
the  following  year  (1975),  the  rate  is  holding  higher  than  the  15-year 
average  value. 

Failures  - Air  Conditioning,  Pressurization  (41) 

The  failure  rate  in  this  system  for  1974  increased  almost  95%  over 
1973,  as  shown  in  Table  E-2.  The  major  areas:  engine  anti-ice,  bleed  air, 
and  cargo  and  flight  compartments  air  conditioning  controls  accounted 
for  40%  of  the  increase.  Specifically,  the  ice  detector  probe,  bleed 
air  valves  and  filter,  thermostat,  blower  motor,  and  temperature  control 
box  in  the  compartment  air  conditioning  were  the  primary  failure  compo- 
nents. The  significant  feature  with  these  failures,  was  that  all  had  the 
same  basic  malfunction  modes  of  broken  or  dirty.  The  resultant  fix,  which 
is  not  discernible  from  the  data,  was  effective  as  the  rate  decreased 
the  following  year  to  a pre-1974  value. 

Condemned  Components 

Components  condemned  are  those  that  no  longer  perform  their  .intended 
function  and  are  either  throw  aways  or  are  not  presently  economical  to 
repair.  Three  systems:  cockpit  and  fuselage  (12),  turbo  prop  power 
plants  (22),  and  miscellaneous  utilities  (4?),  surfaced  as  the  major 
change  systems  in  Table  E-8.  Respectively,  these  systems  increased  459% 
(1974  to  1975),  220%  (1973  to  1974),  and  114%  (1973  to  1974).  Further 
analysis  of  the  data  revealed  that  troop  seats,  cargo  securing  equipment, 
thermocouple  and  harnesses,  and  sun  visors  were  the  major  contributors. 
Considering  the  previous  years  of  operation  and  resultant  use,  these 
types  of  replacements  would  be  expected.  In  all  systems,  the  condemned 
value  decreased  significantly  the  following  year. 

Components  Repaired  Off  Base 

Components  that  are  repaired  off  base  result  from  one  of  several 
reasons:  specifically  prohibited,  lack  of  parts  or  trained  technicians 

or  technical  data,  excess  to  base  requirements,  backlog,  etc.  Analysis 
of  Table  E-5,  Appendix  E,  does  show  some  fluctuation  from  one  year  to 
the  next  within  a given  system  but  no  major  anomalies.  This  semi-stable 
condition  is  probably  the  result  of  policy  changes,  revised  manning,  or 
supply  fulfillment  that  corrects  the  problem. 
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SAFETY  DATA 


C-130E  aircraft  safety  data  were  obtained  from  the  Air  Force 
Inspection  and  Safety  Center  (AFISC/SER)  Norton  AFB,  California.  The 
AFISC  Computerized  Aircraft  Accident/ Incident  File  contains  detailed  acci- 
dent reports  including  narrative  descriptions  back  to  1962  on  all  USAF 
aircraft  accidents,  in  addition,  AFISC  has  other  historical  safety 
records  in  various  configurations. 

The  Air  Force  Safety  Center  provided  complete  C-130E  accident  infor- 
mation that  covered  the  entire  1962  through  1976  time  period.  The  infor- 
mation was  provided  in  computer  listing  format  including  the  narrative 
descriptions.  The  accident  data  provided  was  analyzed  and  three  summary 
tables  were  developed:  (1)  Table  7 reflects  the  C-13CE  flight  accidents 

and  rates  per  100,000  flying  hours  for  1962-1976;  major/mi nor/ total 
accidents;  fatal  accidents;  and  aircraft  damage  categories  of  destroyed/ 
major/minor  are  reflected.  (2)  Table  8 shows  the  C-130E  flight  accidents 
by  type,  and  includes  a distribution  of  the  various  types  of  accidents 
for  1962-1976.  (3)  Table  9 contains  the  C-130E  flight  accidents  by 

phase  and  includes  a distribution  of  the  total  accidents  by  the  various 
phases  of  flight  for  1962-1976. 

The  safety  aspect  of  this  study  was  limited  to  C-130E  flight  accidents 
and  not  the  other  areas  normally  associated  with  the  term  safety,  such 
as  policy,  procedures,  etc.  During  the  15  years  being  studied,  the  total 
C-130E  accidents  numbered  70  for  a 2.0  per  100,000  flying  hour  (FH) 
rate.  Coincidentally,  this  was  split  50-50  between  major  and  minor.  A 
total  of  21  aircraft  were  destroyed  for  a rate  of  0,8  per  100,000  FH, 

15  sustained  major  damage,  .43  rate,  and  35  with  minor  damage,  1.0  rate. 
This  sum  is  one  greater  than  the  number  of  accidents  as  one  C-130E  was 
destroyed  that  was  not  counted  as  an  accident,  because  it  was  the  second 
aircraft  and  the  principle  aircraft  was  charged  with  the  accident. 

A distribution  of  the  type  of  accidents  revealed  collision  (all  kinds) 
for  39  percent  and  landing  (all  kinds)  28  percent  as  the  two  major  contri- 
butors. For  phase  of  operation,  landing,  as  would  be  expected,  accounted 
for  59  percent  alone. 


HUMAN  RESOURCES 


SCOPE  OF  DATA  AND  INFORMATION  SEARCH 


Data  search  and  acquisition  of  historical  C-130E  human  resource  data 
encompassed:  a)  Operations  and  maintenance  manpower  profiles  (officers, 
enlisted,  end  civilian  personnel),  b)  extant  USAF  Air  Force  Specialty 
Code  (AFSC)  and  skill  level  distribution  patterns,  c)  distributions  of 
assigned  C-130E  maintenance  personnel  profiles  within  all  C-130  Military 
Tactical  Airlift  Wing  work  centers  (e.g..  Organizational,  Field,  and 
Avionics  Maintenance  Squadrons),  d)  USAF  C-130E  training  histories, 
e)  C-130E  operational  flight  crew  and  maintenance  manloading  ratios  per 
unit  of  equipment  (UE),  and  f)  attained  formal  educational  profiles  of 
Air  Force  officer  and  enlisted  personnel. 

Resident/technical  training  profiles  and  costs,  germane  to  the  C-130 
weapon  system  were  not  acquired.  Archival  data  contained  in  the  Military 
Personnel  Center  (MPC),  (Randolf  AFB,  Texas),  automated  repositories,  were 
not  acquired  due  to  prohibitive  data  assemblage  and  printing  costs. 
Further,  additional  data  not  acquired  for  the  reason  stated  above  included 
a)  Lists  of  total  active  federal  military  service  times  of  C-130  officer 
and  enlisted  personnel,  and  b)  governmental  courses  of  record  completed 
by  AFSC  category. 

Attempts  were  made  to  acquire  these  historical  data  via  other  sources 
during  field  trips  to  operational  Military  and  Tactical  Airlift  Wings 
within  CONUS,  viz:  a),  62nd  Military  Airlift  Wing,  McChord  AFB,  Washing- 
ton, b)  314th  Tactical  Airlift  Wing,  Little  Rock  AFB,  Arkansas,  and 
c)  317th  Tactical  Airlift  Wing,  Pope  AFB,  North  Carolina. 

Extensive  data  were  acquired  from  the  3785th  Field  Training  Group, 
USAF  School  of  Applied  Aerospace  Sciences,  Sheppard  AFB,  Texas.  This 
included  C-130A/H  FTD  training  production  reports  (up  to  27  months) 
encompassing  monthly  summaries  of  students  graduated  per  month  and  numbers 
of  training  hours  completed. 

C-1 30E  OPERATIONS  AND  MAINTENANCE  MANPOWER 


Operations  and  maintenance  manpower  data  of  assigned  personnel  were 
collected  via  field  trips  to:  a)  McChord  AFB,  Washington,  b)  Little 
Rock  AFB,  Arkansas,  and  c)  Pope  AFB,  North  Carolina.  This  included 
acquisition  of  the  numbers  of  flight  officers  and  enlisted  personnel 
assigned  per  C-130E  aircraft  «s  well  as  numbers  of  officers,  enlisted 
and  civilian  personnel  assigned  under  the  local  Deputy  Commander  for 
Maintenance  (DCM).  Maintenance  manpower  assigned  under  the  DCM  were 
acquired,  collated,  and  analyzed  by  work  center  from  monthly  Mainten- 
ance Digest  reports  (RCS-MAC-LGX-M  7103)  emanating  from  the  314th 
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Tactical  Airlift  Wing,  Little  Rock  AFB,  Arkansas,  and  the  317th  Tactical 
Airlift  Wing,  Pope  AFB,  North  Carolina.  Figure  13  provides  an  illustra- 
tive compendium  of  how  these  Maintenance  Digest  reports  were  used  in 
establishing  assigned  manpower  factors  per  C-130E  aircraft,  hereafter 
referred  to  as  Unit  of  Equipment  'ir  UE.  The  collection  and  statistical 
protocol  utilized  throughout  this  phase  of  analyses  is  shown  in  Appendix  F. 


Manloading  constants  derived  from  the  11  months  of  Little  Rock  and 
Pope  AFB  Maintenance  Digest  reports  (RCS-MAC-LGX-M  7103),  served  as  the 
basis  for  developing  projected  manpower  profiles  based  upon  numl'ers  of 
assessed  C-130E  aircraft  during  the  years  of  1962  through  1976.  Pro- 
jected annual  maintenance  manpower  results  for  officers,  enlisted  (all 
skill  levels)  and  civilian  personnel  are  contained  in  Table  10.  Personnel 
weight  factors  (constants)  per  UE  are  also  reflected  in  this  table. 

Estimated  numbers  of  flight  crews  encompassing  Pilots  (AFSC  1055B), 
Co-pilots  (AFSC  1053B);  Navigators  (AFSC  1545S),  Flight  Engineers  (AFSC 
113X0A),  and  Loadmasters  (AFSC  114X0),  were  developed  via  actual  aircraft 
flying  hours  accrued  per  day  during  the  entire  15  year  period  (1962-1976). 
Operational  flight  crew  compositions  and  numbers  were  predicated  on  the 
following: 


Condition 


Crew  Ratio/UE 


1.  C-130E  Flying  Hour  Rate 

per  day  - - - Less  than  2.0 

4.0  hours/day. 

2.  C-130E  Flying  Hour  Rate 

per  day  - - - 4.0  to  4.9  2.5 

hours/day. 

3.  C-130E  Flying  Hour  Rate 

per  day 5.0  hours  3.0 

plus  per  day. 


Table  11  and  Figures  14  and  15  depict  operational  flight  crew 
numbers,  total  personnel  numbers  and  numbers  of  personnel  by  AFSC 
during  the  1962-1976  time  period. 

C-1 30.  FIELD  TRAINING  DETACHMENT  (FTP)  PRODUCTIONS 

Data  acquired  from  the  3785th  Field  Training  Group,  USAF  Schoc-1 
of  Applied  Aerospace  Sciences,  Sheppard  AFB,  Texas  provided  the  only 
Air  Force  training  data  baseline  defined  during  this  study  phase. 

Field  Training  Detachment  Production  data  (ATC  Form  396A)  encompassing 
six  C-130  FTD's  and  three  Mobile  Training  Teams  (MTT's)  were  collated, 
analyzed,  arid  entered  into  table  format  as  depicted  in  Table  12. 
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FIGURE  13  C-130E  MAINTENANCE  MANPOWER  DA.A  ACQUISITION  AND  ANLAYSES  METHODOLOGY 
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Cruw  ratio  of  2.5  crev/s  per  aircraft: 
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a)  UTE  rate  of  egiial  to  or  greater 


Historical  data  depicting  numbers  of  graduates  and  total  student  hours 
per  month  were  plotted  against  each  of  the  aforementioned  FTD/MTT 
designated  areas.  Mean  values  of  numbers  of  airman  graduates  and 
student  hours  per  month  were  established  for  the  periods  of  July  l'J74 
through  September  1976.  Resultants  values,  viz,  average  numbers  of 
student  graduates  per  month,  coupled  with  average  numbers  of  student 
hours  expended  per  month  were  used  to  estimate  FTD  training  profiles 
for  the  years  of  1962  through  1976. 

MAINTENANCE  MANPOWER  RESOURCES 

Discrete  numbers  of  officer,  enlisted  and  civilian  personnel  assigned 
to  the  C-130E  operational  weapon  system  were  derived  on  a Unit  Equipment 
(UE)  basis.  Table  10,  depicts  the  numbers  of  officers,  enlisted  and  civilians 
contained  within  each  major  work  location  (viz:  DCM,  OMS,  etc.).  It  further 
illustrates  the  mean  numbers  of  maintenance  personnel  within  each  major 
location  during  the  period  of  September  1975  through  July  1976.  Resultant 
calculations  show  that  an  average  of  27.72  maintenance  personnel  were 
required  per  possessed  aircraft  (merging  of  Little  Rock  and  Pope  AFB  data). 
The  numbers  of  maintenance  personnel  per  C-130E  aircraft  was  further 
defined  into  those  proportional  values  of  personnel  required  at  the  DCM,  OMS, 
FMS  and  AMS  work  locations,  namely:  1)  DCM  factor  2.856  personnel/UE; 

2)  OMS  - 8.968  personnel /UE;  3)  FMS  - 10.914  personnel/UE;  and  4)  AMS  - 4.987 
personnel /UE.  (Total  = 27.72  personnel/UE.) 

The  relative  participating  grade-in-rank  (officer,  enlisted  and 
civilian  personnel)  constituting  each  of  the  maintenance  personnel/UE  factors 
noted  above  are  annotated  below: 


Of f i cer/Enl i s ted/C i vi 1 ian 
Personnel  Category 


Personnel  Weight  Factor 
Per  C-130E  Aircraft 


0 Officer  Personnel -All  Work  Centers- 


0.442  Personnel/UE 


0 Enlisted  Personnel 


Skill  Level  9-All  Work  Centers 


0.918  Personnel/UE 


Skill  Level  7-All  Work  Centers 


5.679  Personnel/UE 


Skill  Level  5-All  Work  Centers  14.714  Personnel/UE 


Skill  Level  3-All  Work  Centers 


5.557  Personnel/UE 


0 Civilian  Personnel-All  Work  Centers  0.412  Personnel/UE 


27.722  Maintenance  Personnel/UE 


These  personnel  weight  constants  above,  enabled  the  development  of 
estimates  of  total  maintenance  personnel  required  by  year  (1962-1976) 
based  upon  the  numbers  of  C-130E  aircraft  possessed  dur'ng  each  of  the 
15  year  period.  Table  13  and  Figure  16  provide  synopses  of  estimated 
numbers  of  maintenance  personnel  required  to  maintain  and  control  the 
C-130E  weapon  system.  These  numbers  derived  via  this  methodology  then 
served  as  the  basis  for  developing  officer,  enlisted  and  civilian  pay 
and  allowances  per  each  of  the  15  years  (1962-1976).  Those  results  are 
reflected  in  Task  VI  - Life  Cycle  Cost  Analysis. 

OPERATIONS  MANPOWER  RESOURCES 

Manpower  resource  estimates/profiles  of  C-130E  flight  crews  con- 
sisting of  five  AFSC's  per  crew  were  derived.  This  included:  a)  Pilot  - 
AFS  1055B,  b)  Co-pilot  - AFS  10538,  c)  Navigator  - AFS  1545G,  d)  Flight 
Engineer  - AFSC  113X0A,  and  e)  Loadmaster  - AFSC  114X0.  Refer  to  Table  II 
and  Figures  14  and  15  for  estimated  numbers  of  operational  flight 
crews  and  concomitant  numbers  of  officer  and  enlisted  personnel  profiles 
extant  within  the  C-130E  weapon  system  during  the  1962  through  1976 
time  period.  An  average  crew  ratio  of  2.0  per  C-130E  aircraft  was  used 
to  determine  operation  crew  manpower  loading  with  the  following  excep- 
tions. Crew  ratios  of  3.0  and  2.5  were  used  during  the  years  of  1962 
and  1966, respectively,  as  the  utilization  rate,  i.e.,  flying  hours  per 
day  exceeded  4.0.  C-130E  weapon  system  utilization  rates  previously  depicted 
(Table  11)  were  derived  from  AFM  65-110,  "Standard  Aerospace  Vehicle  and 
Equipment  Investory,  Status,  and  Utilization  Reporting."  Back  in 
Figures  14  and  15  are  the  obvious  by-modal  points  of  1966  and 
1971.  The  former  modal  point  is  largely  due  to  the  high  C-130E  utiliz- 
ation rate  of  4.2  hours/aircraft  per  day  at  an  estimated  crew  ratio  of 
2.5  per  aircraft.  The  1971  modal  point  is  due  solely  to  the  large 
numbers  of  possessed  C-130E  aircraft  during  this  period  (namely  323) 
at  the  standard  crew  ratio  of  2.0  per  aircraft. 

Analyses  of  these  data  indicate  a general  leveling  off  of  flight 
crew  Air  Force  Specialty  Codes  (AFSC's)  between  1973  and  1976.  The 
numbers  of  C-130  flight  crews  and  resultant  total  numbers  of  AFSC's 
were  reduced  by  approximately  8,0%  (260  personnel  - 52  crews)  since 
1971,  An  associated  aircraft  flight  utilization  rate  per  day  during 
this  same  period  has  undergone  a 27,80%  reduction.  The  reported 
daily  flight  utilization  rate  of  4.2  hours/day  during  the  1966  time 
period  reflects  the  resultant  operations  manpower  profile  buildups 
during  1966.  A total  of  444,283  C-130E  flying  hours  were  logged  in 
1966  with  an  averaged  possessed  level  of  295  C-130E  aircraft.  More 
flying  hours/UE  were  logged  at  this  time  than  any  years  prior  to  or 
subsequent  to  this  time  period. 


Training  (Field  Training  Detachments)  - C-130 

Analytical  results  from  the  FTD  histories,  were  previously  discussed 
(Table  12).  Data  acquired  within  the  periods  of  July  1974 
through- September  1976  demonstrated  that  six  C-130  FTS's  and  three 
Mobile  Training  Teams  (MTT's)  experienced  an  overall  average  of  85.65 
enlisted  graduates  per  month  (each  FTO/MTT),  at  an  average  monthly 
expenditure  rate  of  3707  trainee  hours.  These  factors,  used  as  para- 
metric (constant)  values,  served  as  the  statistical  baseline  for  deter- 
mining historical  monthly  and  yearly  C-130  FTD  trainee  and  hour  profiles 
during  the  1962-T976  time  period.  These  experience  data  enable  defini- 
tion of  the  following  estimates: 


TABLE  14  C-130  FIELD  TRAINING  DETACHMENT  GRADUATES/  TRAINEE  HOUR  ESTIMATES 


ITEM/NOMENCLATURE 

MONTHLY  VALUES 

YEARLY  VALUES 

1.  Trainee  Graduates/FTD 

85.65  Trainees 

1 028  Trainees 

2.  Trainee  Hrs/FTD 

3.  CONUS  FTD's  Profiles 

3,707  Hrs. 

44,184  Hrs. 

• CONUS  FTD  GRO's 

513.90  Trainees 
(FTD  GRDS/Mo)  X (6) 

6,167  Trainees 
(FTD  GRDS/Mo)  X(6)X 
(12) 

• CONUS  FTD  Trainee 
Hrs. 

22,242  Hrs. 
(Trainee  Hrs/FTD) 
X (6) 

266,904  Hrs. 
(Trainee  Hrs/FTD) 
X (6)  X (12) 

Where:  6 = No.  of  C-130  FTD's  within  CONUS 

12  = No.  of  Months  per  Year 

The  estimated  expenditure  of  266,904  FTD  trainee  hours  (all  C-130 
models)  is  the  equivalent  to  142.576  man  years.  (1872  hrs  = 1 man 
year.)  The  C-130E  fleet  of  297  aircraft  in  1976  constitutes  45  percent 
of  the  total  C-130  weapon  system  (models  AC-130A/H  through  WC-130H). 

This  proportional  value  (0.45)  when  applied  to  the  estimated  annual  FTD 
trainee  factor  of  266,904  trainee  hours  reduces  the  C-130E  1976  FTD 
trainee  value  to  120,107  trainee  hours  expended  to  graduate  2,775  C-130E 
maintenance  and  support  personnel  at  an  average  rate  of  231  graduates/ 
month. 
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Educational  Background 

Data  provided  to  the  Boeing  Experience  Analysis  Center  (EAC)  by 
the  Computational  Sciences  Division,  Air  Force  Human  Resources  Laboratory, 
Air  Force  Systems  Command  (Lackland  AFB,  Texas),  were  used  to  establish 
the  raw  score/proportional  distributions  of  13  educational  levels 
achieved  by  maintenance  officers  classified  within  three  Air  Force 
Specialty  (AFS)  categories  and  enlisted  personnel  classified  under  30 
AFS  categories.  The  following  summarizes  the  officer  and  enlisted  AFS 
personnel  wherein  IJSAF  world  wide  educational  background  data  were 
acquired. 


AFSC 

- Officer  Personnel 

1.  4016/4036/4616 

2.  4024/4044 

3.  4096 

- Enlisted  Personnel 

1.  324X0 

2.  325X0 

3.  325X1 

4.  32591 

5.  328X0 

6.  328X1 

7.  328X4 

8.  32894 

9.  341X3 

10.  341X4 

11.  341X6 

12.  34198 

13.  423X0 

14.  423X1 

15.  423X2 


NOMENCLATURE 


Aircraft  Maint.  Staff  Officer 
Aircraft  Maint.  Officer 
Deputy  Commander  for  Maintenance 


Precision  Measuring  Equipment 
Specialist/Technician 
Automatic  Flight  Control  Systems 
Speci al i st/Techni ci an 
Avionics  Instruments  Systems 
Specialist/Technician 
Auto  Flight  Control /Avionics 
Instruments  Systems  Superintendent 
Avionics  Communications,  Systems 
Special i st/Techni ci an 
Avionics  Navigations  System 
Special! st/Techni cian 
Avionics  Inertial  and  Radar 
Navigation  Systems  Specialist/ 
Technician 

Avioni cs  Communi cati ons-Navi gati on 
Systems  Superintendent 
Trainers,  Simulator,  Analog  Flight 
Trainers,  Simulator,  Digital  Flight 
Digital  Navigation/Tactics  Training 
Devices 

Trainers,  Superintendent 
Aircraft  Electrical  Repairman/ 
Technician 

Aircraft  Environmental  Systems 
Specialist/Technician 
Air  Crew  Egress  Systems 
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AFSC  NOMENCLATURE 

- Enlisted  Personnel  (cont'd) 


16.  423X3 

17.  423X4 

18.  423X5 

19.  42395 

20.  426X0 

21.  426X2 

22.  42692 

23.  431X1F 

24.  43191 

25.  531X0 

26.  531X1 

27.  531X3 

28.  531X4 

29.  531X5 

30.  53195 


Aircraft  Fuel  Systems  Specialist/ 
Technician 

Aircraft  Pneudraulic  Systems 
Aerospace  Ground  Equipment 
In-Flight  Refueling  Systems 
Superi ntendent 
Aircraft  Propeller  Systems 
Specialist/Technician 
Jet  Engine  Specialist/Mechanic/ 
Technician 

Jet  Engine  Superintendent 
Aircraft  Maintenance  Specialist/ 
Repai rman/Techni ci an 
(Turbo-Prop  Aircraft) 

Aircraft  Maintenance  Superintendent 
Machinist 

Metals  Processing  Specialist/ 
Technician 

Airframe  Repair  Specialist/ 
Technician 

Corrosion  Control  Specialist/ 
Technician 

Non-Destructive  Inspection 
Specialist/Technician 
Metal  Working  Superintendent 


Education  histories  of  the  30  enlisted  AFSC  personnel  encompassed 
11  years  (June  1966  through  June  1976).  Educational  levels  achieved 
by  three  officer  AFSC's  encompassed  the  15  year  reporting  period  June 
1962  through  June  1976.  (Reference  Tables  15,  16,  and  17.) 


Educational  Backgrounds  - Officer  Personnel 

Data  contained  in  Tables  15  and  16  reflect  the  following: 

1.  34. 4X  more  maintenance  officer  personnel  presently  hold 
bachelor  degrees  than  existed  in  1962. 

a.  1962  Bachelors'  Degree  = 26.229% 

b.  1976  Bachelors'  Degree  = 60.637% 

2.  20.03%  more  maintenance  officer  personnel  presently  hold 
master's  degree's  than  existed  in  1962. 

a.  1962  Masters'  Degree  = 2.247% 

b.  1976  Masters'  Degree  = 22.278% 
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3.  Educational  levels  achieved  by  maintenance  officer  personnel 
as  of  1976  have  dramatically  increased  when  compared  to  June 
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4.  Significantly  fewer  high  school  graduates  hold  officer  com- 
missions in  the  USAF  than  was  the  case  throughout  the  1960's 
and  early  1970's. 


5.  USAF  policy  changes  and/or  extant  practices  clearly  demonstrate 
a dramatic  shift  toward  college  matriculated  personnel  as 
resources  for  future  maintenance  officer  positions. 

Table  16  provides  a compendium  of  reported  data  acquired  between  the 
periods  of  1962  through  1976.  This  table  provides  a more  comprehensive 
suimary  of  educational  trends  as  reported  in  proportional  values. 

/Arrows  ( ► A ) contained  in  Table  16  ^bottom  page)  reflect  the 
general  15  year  educjtional  trends  apparent  within  data  provided  by 
the  Computational  Sciences  Division,  Air  Force  Human  Resources  Labor- 
atory, Air  Force  Systems  Command.  The  nature/ types  of  degrees  earned 
by  these  officer  personnel  are  not  known. 

In  summary,  definite  increases  in  achieved  academic  levels  have 
occurred  between  1962  and  1976.  However,  caution  must  be  taken  when 
correlating  increased  academic  levels  of  achievement  with  skills. 

Further,  dichotomous  entries  reflecting  achieved  academic  levels  can 
not  be  used  to  reflect  improvements  in  abilities  to  communicate,  cal- 
culate, analyze,  etc.  as  the  explicit  natures  of  educational  training 
were  not  known. 

Educational  Backgrounds  - Enlisted  Personnel 


1: 


g. 


Enlisted  personnel  educational  histories  protrayed  in  Table  17 
enable  formulation  of  the  following  possible  assumptions: 

1.  Selective  enlistment  of  AF  cadres  has  reduced. the  numbers 
of  non-high  school  graduates  that  are  accepted  into  the 
USAF. 

2.  Proportional  numbers  of  high  school  graduates  accepted  into 
the  USAF  in  1976  is  comparable  to  that  observed  in  1965. 

3.  Proportionately  larger  numbers  of  enlisted  personnel  are 

receiving  some  undergraduate  training  (1976)  than  were 
reported  in  1966.  (1  through  4 years  of  college  training.) 

4.  Proportionately  more  enlisted  personnel  are  matriculating 
with  bachelor  degrees  than  in  previous  years. 

NOTE:  The  type/nature  of  degrees  is  not  known. 
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4 years  of  college  and  those  receiving  bachelors  degrees. 


Although  data  show  that  achieved  educational  levels  of  enlisted 
personnel  are  on  the  increase,  analysts  are  unable  Lo  make  a concoiriitaiit 
conclusion  that  abilities  to  communicate,  problem  solve,  read,  analyze, 
and  correct  have  also  increased. 


MATERIAL  RESOURCES  DATA 


Material  resource  consumption  is  an  extremely  large  contributor  to 
the  life  cycle  costs  of  USAF  weapon  systems.  Data  collected  and  analyzed 
as  part  of  this  study  identify  the  types  of  material  resources  utiliza- 
tion data  available  for  review  and  study  on  the  C-130E  aircraft. 

Information  Search 


A thorough  search  for  material  resource  consumption  data  was  con- 
ducted. This  included  visits  to  various  Air  Force  headquarters.  Air 
Logistic  Centers,  and  bases  assigned  C-130E  aircraft;  a review  of  all 
published  literature  such  as  documents,  descriptive  studies  and  reports 
that  could  be  obtained;  and  a screening  of  Air  Force  data  collection 
Systems.  Historical  data  searched  covered  C-130E  actual  or  validated 
material  resources  utilization  for  the  period  of  1962  through  1976.  During  the 
search  and  screening  for  usable  data  and/or  statistics,  it  became 
abundantly  clear  that  little  C-130E  identified  material  resource  con- 
sumption dataware  available  and  desired  information  would  be  difficult 
to  obtain.  It  was  also  discovered  that  the  Air  Force  did  not  have  a 
system  that,  for  the  years  of  this  study,  provided  C-130E  total  base 
level  and  depot  level  material  resources  expenditures.  The  data  that 
were  available  appeared  in  cost  format  .thus  compounding  the  requirement 
that  cost  structures,  categories,  elements  and  accounts  be  thoroughly 
understood  and  identified.  Identity  to  the  C-130E  weapon  system, 
ensuring  total  cost/ expenditure  involvement  and  providing  a basis 
for  historical  analysis  of  consumption  of  C-130E  related  material 
resources  are  major  problems.  Therefore,  only  fragments  of  data  were 
available  from  Air  Force  Managaaent  Systems  that  could  be  used.  Com- 
ments and  discussions  are  made  on  each  of  these  categories  in  subsequent 
paragraphs. 

USAF  Operating  and  Support  Cost  Reporting  (OSCR)  System 

Table  18  provides  a thorough  breakdown  of  the  $123M  expended  for 
material  resources  during  FY-1975.  Both  base  and  depot  level  expendi- 
tures of  supplies,  contractual,  and  other  costs  are  shown.  Of  the  $640 
per  FH  indicated,  $442  per  FH  (includes  $300  for  POL)  was  expended  at 
base  level  and  $197  per  FH  was  required  for  depot  level  operations. 

The  three  greatest  expenditure  areas  within  the  depot  level  operations 
were  AFLC  Depot  Maintenance  Accessory  Costs  ($82  per  FH),  airframe 
costs  to  include  PDM  ($42  per  FH)  and  the  depot  operations  recurring 
investment  costs  ($41  per  FH).  Since  this  is  a relatively  new  system 
this  type  of  data  is  only  available  for  FY  75  and  later.  (Refer  to 
Appendix  "G"  for  detail  discussion  of  the  OSCR  system.) 
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USAF  Standard  Base  Level  Maintenance  Cost  System  (MCS) 

The  Executive  Management  Summary  Report  as  outlined  in  AFM  177-380 
IT^  and  as  described  in  Appendix  "H"  provides  a current  month  and 
cumulative  to  date  capsule  of  labor,  material  and  other  miscellaneous 
cost  data  by  various  cost  categories  for  organizational  and  intermediate 
maintenance  levels.  During  the  search  for  material  resources  data, 
the  317th  TAW's  Pope  Air  Force  Base  Executive  Management  Summary  Reports 
for  July  1975  through  December  1976  were  obtained.  Throughout  the 
period  covered  by  the  above  reports,  the  C-130E  was  the  prime  aircraft 
assigned  at  Pope  Air  Force  Base.  Therefore,  it  is  assumed  that  the 
data  reflects  C-130E  utilization. 

Table  19,  reflects  data  extracted  from  portions  of  the  material 
section  of  the  reports.  The  table  shows  a monthly  comparison  of: 
a)  Material  costs  both  direct  and  indirect,  and  b}  total 
dollar  value  of  material  consumed  broken  down  by  WBS.  By  using  the 
monthly  flying  hours,  the  material  cost  and  dollar  value  of  material 
consumed  per  flying  hour  for  each  month  can  also  be  compared.  Read- 
justments were  made  to  purg’e  data  not  belonging  in  the  various  reports 
of  the  system  and  to  adjust  the  costs  within  the  WBS  (Work  Breakdown 
Structure)  for  MDS  (Mission,  Design,  Series)  as  well  as  Non  MDS.  This 
is  reflected  in  the  Oct.,  Nov.  and  Dec.  1976  cost  figures  of  Table  19. 

The  comparative  cost  data  contained  in  Table  19,  provide,  the 
basis  for  factors  used  in  developing  a comparison  of  estimated  yearly 
material  costs  and  consumption  values  from  1962  through  1976  for  base 
level.  By  using  data  contained  in  the  Oct.  through  Dec.  1976  reports, 
factors  per  flying  hour  were  developed  and  applied  to  the  number  of 
flying  hours  each  year.  This  in  turn  provided  an  estimated  yearly  com- 
parison of  material  costs  and  dollar  values  broken  down  by  WBS  for 
base  level  C-130E  material  costs.  Using  these  same  elements  and  type 
costs  the  C-130E  Material  Costs  and  Material  Consumption  By  WBS  (1962 
through  1976)  are  displayed  in  Table  20.  No  attempt  was  made  at  this 
time  to  deflate  the  1976  cost  figures  used.  The  average  yearly 
material  costs  amounted  to  $93M  with  the  years  1965  through  1968 
accounting  for  considerably  more  than  the  average.  The  dollar  value 
of  material  consumed  by  WBS  averaged  $77M  yearly  of  which  S71M  was 
MDS  costs.  The  dollar  value  of  material  consumed  by  WBS  does  not 
include  any  contractor  maintenance  costs. 

It  is  planned  that  in^e  future  the  maintenance  cost  system  as 
described  in  AFM  177-38o[i^  will  be  interfaced  with  the  operating 
and  support  cost  reporting  (OSCR)  system  to  provide  this  type  of 
data  after  FY-1977. 

AFM  177-380,  USAF  Standard  Base  Level  Maintenance  Cost  Svstem, 

^ 20  July  1976. 
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Depot  Maintenance  Material  Resource  Costs 


One  of  the  most  difficult  problems  in  trying  to  capture  and  compare 
material  resource  consumption  and/or  data  at  depot  level  is  the  lack 
of  identity  to  a specific  weapon  system.  Possibly  the  most  accurate 
or  complete  dat^re  prepared  by  Headquarters  AFLC/ACRL  in  accordance 
with  AFR  173-4  (RCS:  HAF-ACM(A)  7109).  However,  due  to  the  cost 

accounting  system  used  at  depot  maintenance  level,  not  all  costs  are 
collected  by  weapon  system.  Some  are  allocated  to  a weapon  system  using 
cost  and  quantity  averaging  methods.  Thus,  the  actual  costs  indicated 
are  not  always  true  in  nature. 

Depot  maintenance  data  generated  for  the  C-130E  aircraft ^nd 
identified  in  Boeing's  AMST  Cost  Effectiveness  Analysis  (LCC) ^ study 
was  used  as  a basis  in  developing  data  shown  in  Table  21.  This  table 
shows  costs  of  material  consumed,  in  FY75  constant  dollars,  for  five 
categories  from  1969  to  1975.  Using  the  C-130E  possessed  aircraft, 
flying  hours  for  each  year,  and  the  ratio  of  labor  to  material  contained 
in  the  RCS:  HAF-ACM(A)7109  Report,  the  yearly  dollar  value,  cost  per 

aircraft  and  cost  per  flying  hour  for  material  consumed  for  each 
category  by  year  is  reflected.  The  dollar  figures  within  the  table 
include  all  direct  and  indirect  expense  material  but  do  not  contain 
non  XD  (Expendable  Depot)  items  bought  under  replacement  spares  funding. 
Further,  the  Depot  Maintenance  Production  Cost  System,  6072A,  which 
provides  the  dollar  data,  is  a systan  employed  at  the  stock  class 
material  management  aggregate  code  level.  Therefore,  the  above  table 
does  provide  good  comparative  information  but  does  not  represent  the 
actual  depot  maintenance  material  resource  costs  for  the  C-130E 
aircraft. 

When  analyzing  the  data  contained  in  Table  21,  it  apoears  that 
during  the  Southeast  Asia  conflict  (1969-1972  time  period),  depot 
maintenance  material  costs  were  higher  per  aircraft  than  in  years  after 
the  conflict.  However,  possibly  due  to  less  flying  hours  per  year  or 
deferred  maintenance, the  cost  per  flying  hour  increasethjifter  the 
conflict  (1972-1976)  even  though  total  dollars  spent  per  aircraft 
decreased.  Further,  the  dollars  spent  for  material  at  depot  level 
for  aircraft  repair  and  engine  overhaul  were  higher  during  the  con- 
flict and  cost  of  materials  for  all  types  of  accessory  repair  were 
highest  after  the  Southeast  Asia  commitments. 

USAF  Cost  and  Planning  Factors 

As  a result  of  not  being  able  to  obtain  actual  and/or  validated 
material  resource  consumption  data  that  could  be  plott  d and  compared 
through  the  study  period  time  frame,  it  was  necessary  to  use  the  factors 


1^  AFR  173-4,  USAF  Aircraft  and  Missile  Depot  Maintenance  Cost  Factors, 
October  1972. 
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and  formulas  from  APR  173-10,  USAF  Cost  and  Planning  Factors.  Applying 
the  flying  hours,  number  of  aircraft,  and  the  utilization  rates  for 
each  of  the  years  1962  througn  19/6,  Table  22  was  developed.  The 
table  provides  comparative  information  and  identifies  the  total  estimated 
costs  for  each  year  and  the  cost  per  flying  hour  for  GSE,  POL,  Maintenance 
(Base  and  Depot  Level),  Modifications  (Class  IV),  Replenishment  Spares 
and  Vehicle  Equipment  Costs.  Factors  and  formulas  from  AFR  173-10 
followed  the  Cost  Analysis  Cost  Estimating  (CACE)  model.  The  only 
exception  to  using  the  aforementioned  factors  and  formulas  for  computing 
the  various  costs  indicated  within  the  table  was  the  POL  expenditures 
for  1975  and  1976.  Data  from  the  Operating  and  Support  Cost  (OSCR) 

Report  for  FY75  were  used  for  developing  the  gallons  per  hour  and  cost 
per  hour  figures  for  1975.  The  cost  figures  for  1976  were  based  on 
the  gallons  of  fuel  consumed  per  hour  and  cost  of  that  fuel  ronsumed 
per  flight  hour  using  actual  1976  comsumption  data  for  Pope  AFB,  Little 
Rock  AFB  and  McChord  AFB  as  reflected  in  Table  23.  Fiscal  year  1976 
dollar  values  were  used.  No  attempt  to  deflate  the  figures  into  then 
year  dollars  were  made. 
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COST  DATA 


A thorough  search  for  USAF  C-130E  aircraft  acquisition,  and  opera- 
tions and  support  (O&S)  cost  data  was  conducted  covering  the  15  years 
(1962-1976)  of  this  study.  During  the  data  search,  It  became  very  clear 
that  actual  historical  cost  data  have  not  been  collected  and  maintained 
over  the  life  cycle  history  of  Air  Force  weapon  systems.  There  Is  no 
single  data  source  that  collects  and  maintains  historical  cost  data. 
However,  there  are  some  data  systems  and  repositories  that  can  provide 
various  pieces  of  the  types  of  cost  data  that  were  sought  for  this  study 
program.  These  data  repositorles/systems/flles  are  discussed  In  the 
following  paragraphs  of  this  section. 


ACQUISITION  COST  DATA 

Table  24,  reflects  the  Research,  Development,  Test  and  Evaluation, 
Aircraft  Procurement,  and  other  procurement  categories  of  costs  informa- 
tion collected  duing  this  study,  including  the  sources. 


RDT&E  Cost  - Research,  Developent,  Test,  and  Evaluation  costs 
for  the  C-13QE  aircraft  was  non-existent  within  the  applicable  data 
repositories  searched.  The  only  C-130  documented  cost  information 

available  was  located  in  T.O.  00-25-30  including  revisions  back 

through  the  1972  issue.  T.O.  00-25-30  reflects  prorated  R&D  costs  for 
the  C-130A,  B,  and  0 models  only.  The  T.O.  does  not  contain  any  R&D 
costs  against  the  C-130E  in  the  specific  or  prorated  areas,  and  it 
Is  stated  in  the  T.O.  that:  "Certain  older  systems  may  not  include 
R&D  costs  due  to  non-availability  of  information."  In  addition, 
most  of  the  C-130  RDT&E  expenditures  were  completed  early  in  the  C-130 
development  program,  which  was  prior  to  the  1962  time  period  of  this 
study.  Subsequently  the  R&D  unit  cost  per  aircraft  of  $5600  reflected 
in  Table  24  Is  the  prorated  R&D  costs  for  C-130A,  B,  and  D models. 

Aircraft  Procurement  Cost  - Procurement  Costs  for  the  C-130E 
as  shown  in  Table  24  were  obtained  from  two  different  sources:  1) 

ASD  cost  histories  maintained  at  ASD/CSEH/HO,  Wright-Patterson  Air 
Force  Base  contained  some  documented  procurement  costs  on  the  C-130E 
aircraft  for  the  early  initial  production  years  (1961  through  1964), 
and  2)  aircraft  procurement  costs  for  later  years  (1968,  1969,  1970, 
and  1972)  production  aircraft  were  obtained  from  T.O.  00-25-30 
using  applicable  revisions  for  e^ch  specific  year.  The  number  of 
production  aircraft  by  year  shown  in  Table  24  was  determined  by  assum- 
ing the  aircraft  serial  number  to  be  the  production  year,  and  all  air 
craft  with  1951  through  1964  serial  numbers  were  reflected  in  the  1962 
through  1965  time  period  because  the  first  USAF  C-130E  possessed 


[l^  T.O.  00-25-30,  Unit  Costs  of  Aircraft,  Guided  Missiles,  and  Engines 
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inventory  aircraft  was  in  1962  and  first  flight  of  the  C-130E  was  in 
April  of  1962.  The  follow-on  production  aircraft  were  reflected  in 
the  actual  year  of  the  aircraft  serial  numbers.  The  C-130E  average 
unit  cost  per  aircraft  over  the  15  year  time  period  (8  years  of  pro- 
duction aircraft)  reflected  S2.0  million  and  is  broken  down  in  the 
detail  available  as  follows: 


Average  Unit  Cost  per  Aircraft 

Airframe 
Propulsion 
Other  Systems 

TOTAL  AIRCRAR 

Other  Procurement  Cost 


1962-1972 
$ In  Millions 

1.31 

.48 

.21 


The  ASD  cost  histories  contained  some  C-130E  peculiar  support 
equipment  and  training  devices  costs  as  reflected  in  Table  24  for  the 
1962  through  1964  time  period.  In  addition,  the  only  other  C-130E 
procurement  cost  that  could  be  located  was  the  class  V modification 
costs  as  outlined  in  T.O.  00-25-30  starting  with  the  1972  issue  as 
shown  in  Table  24. 

C-130  Aircraft  Contract  Costs 

Frost  and  Sullivan  Inc.  maintain  a "Defense  Market  Measures 
System"  that  tracks  and  summarizes  (to  the  extent  possible)  the 
Department  of  Defense  marketing  system.  C-130  contracts  cost  data 
were  requested  from  the  Frost  and  Sullivan  system  for  the  1962  through 
1976  time  period.  Information  provided  covered  the  Defense  Market 
Measures  System  C-130  (all  models)  aircraft  conti  facts  Captured  during 
the  January  1962-Oecember  1975  time  period.  Over  1,500  contracts 
were  listed  in  the  computer  printout  provided.  The  foTTowing 
information  was  included*  recorded  date,  record  contractor,  awarding 
agency,  contract  dollars,  phase/project.  Frost  and  Sullivan  product 
categories,  and  a very  brief  description  of  the  contract.  Specific 
C-130E  contracts  could  not  be  separated,  as  most  of  the  contracts 
showed  a product  of  C-130  only.  In  some  cases  the  brief  description 
would  specify  various  models  but  this  was  the  exception  rather  than 
the  rule.  Table  25  contains  a summary  of  1,450  contracts  extracted 
that  could  be  identified  against  USAF  C-130  aircraft.  These  1,450 
contracts  covered  the  1962  through  1975  time  period  and  accounted 
for  $1,889,417,000  expended  against  the  various  contract  categories. 

The  information  was  against  the  total  C-130  (all  series)  aircraft 
and  the  costs  could  not  be  applied  to  the  C-130E  model  only.  However, 
it  does  show  the  variety  of  procurements  and  illustrates  the  difficulty 
in  tracking  these  costs  for  a specific  model,  such  as  the  C-130E,  within 
a basic  aircraft  MOS. 
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T/UIUE  25  SUHNARY  OF  M30  (Ml  SERIES)  AIRCRAFT  CONTRACT  DOLLARS  BY  SYSTEM  PRODUa 

CATEGORIES  1962>1975 
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OPERATIONS  AND  SUPPORT  COSTS  DATA 

The  following  subparagraphs  discuss  the  C-130E  operations  and 
support  cost  information  that  was  available  and  obtained  during  this 
study  effort.  Information  that  was  included  in  the  human  resources 
data  and  material  resources  data  paragraphs  above  has  not  been  reiter- 
ated in  this  paragraph. 

The  Operating  and  Support  Cost  Reporting  (OSCR)  system,  as 
described  in  Appendix  "6",  provided  the  FY-1975  operating  and  support 
total  costs,  cost  per  flying  hour  and  percentage  of  total  costs. 

Table  26  identifies  the  above  costs  by  personnel,  training  and  TOY 
costs  versus  supplies,  contract  and  other  (minus  training  and  other 
personnel  support)  costs.  Further  identified  is  the  impact  of  base  level 
versus  depot  level  costs.  Of  the  $348H  expended  in  FY75  for  base  and 
depot  level  operating  and  support  costs  for  the  C-130E,  $225M  or  $1,170 
per  flying  hour  was  personnel  related  costs.  Thus,  65%  of  the  expendi- 
tures were  for  human  resources  type  items  and  35%  were  expended  for 
material  resources.  Of  the  $123M  or  $640  per  flying  hour  expended  for 
material  resource  costs,  $47M  or  $300  per  flying  hour  was  for  POL. 

Thus,  personnel  and  POL  were  by  far  the  greatest  contributors  to 
FY75  C-130E  Operating  and  Support  (O&S)  costs. 


TABLE  26  C-130E  FY75  OPERATING  AND  SUPPORT  COST  RECAP 


aEMENTS 


PERSSH*!?-.  I TOY  COSTS 


BASE  UEVa  OPS 
DEPOT  lEVa  OPS 
SUB-TOTAL 


SUPPLY.  COMTPACT  S OTHER  COSTS 
BASE  Lr/EL  OPS® 

DEPOT  Lrva  OPS 
SUB-TOTAL 

TOTAL  3ASE  i 0E=0T  LEVEL 
SUprOftf  4 CPtSA'IC.'.S  COSTS 


FY75  TOTAL 
COST  ($) 

FY75  COSTS  (S) 
PER  FH 

PERCEW 

210,437,435 

1,092.61 

60.34 

14,982,789 

77.77 

4.2? 

225,470,224 

1,170.38 

64.53 

85,250,551 

442.52- 

24.44 

38,127,852 

197.92 

10.93 

123,378,403 

640.44 

35.37 

348,843,527 

1,310.82 

ICO. CO 

SOURCE:  OSCR,  FY75,  DTD  2 AUG.  1976 
NOTE:  0 i:iCL.  PCL  COST  OF  $57,794,100 


When  comparing  the  impact  of  costs  associated  with  personnel 
versus  material,  each  level  should  be  reviewed  separately  and  then 
compared  with  each  other.  Table  27,  Base  Level  O&S  Costs,  identifies 
the  costs  for  personnel,  training  and  TOY  versus  the  material  resources 
costs.  Of  the  $295M  or  $1,535  per  FH  spent  at  the  base  level,  71%  was 
for  human  resources  and  29%  for  material  resources.  However,  when 
comparing  the  same  information  for  the  depot  level  costs.  Table  28, 
the  data  reflects  that  of  the  $53M  or  $276  per  FH  spent,  72%  was  for 
material  resources  and  28%  for  human  resource  elements.  When 
analysing  both  tables  and  data  contained  within,  it  is  easy  to  see 
that  the  greatest  expenditures  for  operating  and  support  costs  for 
the  C-130E  are  incurred  at  base  level  for  human  resources. 


TABLE  2?  FY75  BASE  LEVEL  OPERATING  AND  SUPPORT  COSTS  - C-130E 


ELEMENTS 

FY75  BASE  LEVEL 
COST  ($) 

FY75  BL  COST  {$) 
PER  FH 

PERCENT 

PERSONNEL,  TRAINING  J TOY  COSTS 

210,487,435 

1,092.61 

71.17 

SUPPLES.  CONTRACT  AND  OTHER 
COSTS© 

85,250,551 

442.52 

28.83 

TOTAL  BASE  LEVEL  OPERATIONS  COST 

295.737.986 

1.S3S.13 

100.00 

NOTE:  0 INCL.  POL  COST  OF  557,794,100  OR  19,545 

OF  TOTAL  BASE  LEVEL  OPS  COST. 

TABLE  28  FY75  DEPOT  LEVEL  OPERATING  AND  SUPPORT  COSTS  - 

C-130E 

ELEMENTS 

FY75  SPT  LEVEL 
COST  ($) 

FY75  SPf  LEVEL 
COST  ($)  PER  FH 

PERCENT 

PERSONNEL,  TRAINING  & TOY  COSTS 

14,982,739 

77.77 

28.21 

SUPPLIES,  CONTRACT  ANO  OTHER 
COSTS 

38,127,852 

197.92 

71.79 

TOTAL  SUPPORT  LEVEL  OPERATIONS 

53,110.541 

275.69 

100.00 

COSTS 

Depot  Maintenance  Repair  Action  Costs 

The  C-130E  depot  maintenance  repair  action  costs/FH  by  system 
for  repair  cycle  assets  are  shown  in  Table  29.  The  information  was 
summarized  at  the  system  level  and  reflects  costs  per  flying  hour  of 
C-130E  items  processed  through  depot  maintenance  (excluding  engines 
and  complete  airframes)  during  FY  1975-1976.  (Refer  to.  Section  III  "Data 
Analysis,  Area  III  - Depot  Data,"  for  the  detailed  description  of  the 
depot  data  sources  and  computer  processing  utilized  to  obtain  depot  repair 
action  costs  in  the  study  program.) 


TABLE  29  C-130E  DEPOT  HAINTEIIANCE  REPAIR  ACTION  COSTS/FH  BY  SYSTE.M 
(ITEM  PROCESSED  THRU  DEPOT  MAINTENANCE  EXCLUDING  ENGINES) 


Jts. 

M. 

FT  ISTS  ANO  FY  1974  | 

ST^TIH  KMC 

COST/fX 
(IN  5) 

SYSTW  I 
OF  T07AI 

U 

AliinMC 

I.3S 

3.04 

U 

COOtPlT  AND  FUSOAS 

1.21 

l.OS 

U 

lAKOINS  G2AR 

S.I4 

s.os 

14 

aiOIT  COXTAOS 

2.14 

2.57 

a 

TUU3  mr  KtJa  nxn 

• 

• 

24 

AUXILIAAT  ma  flAXT 

7.45 

4.73 

S 

HTII)IAUI.IC  nC72U£X 

U.Sl 

14.37 

41 

AK  conmcxiM.  mssAiZATin 

4.7J 

5.75 

42 

nXCTAlCAL  PM*  SUPPUr 

2.03 

1.43 

U 

116X71.%  STS7C4 

• 

• 

4$ 

' H76im:c  Ano  pneuxATtc 

3.43 

3.24 

41 

pua 

4.04 

3.47 

47 

OITGai 

1.41 

1.50 

4» 

KtscsoArecus  untmss 

O.U 

0.43 

SI 

XKSTWEKT5 

1.33 

1.75 

S2 

AUT6PU0T 

4.47 

4.22 

SS 

WlfUKCnOR  AtAl.  S AECSAOI.'IS  SKIP. 

- 

- 

(1 

HF  C6N(ntCATt<nS 

1.34 

1.25 

(2 

VHP  cstuaunois 

0.18 

0.14 

a 

WF  COtUlICATIOnS 

1.84 

1.70 

(4 

WTomau 

0.27 

0.24 

SS 

IFF 

O.tt 

0.41 

« 

QKKaic'  ccntniuTiOHS 

0.4S 

0.40 

« 

NIX.  caewicATtcns 

• 

• 

71 

KUIO  NAVIGATICN 

3.SS 

3.40 

72 

XAOAI  UVIGATiai 
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14.41 

SI 

OSKBtCT  2CUIPIC5T 

- 

• 

H 

PGtsaRiia  EgutP!*stT 

- 

- 

S7 

OFLOsnc  onica 

• 

• 

•SI 
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SUMMARY 


This  data  analysis  task  was  twofold  in  accomplishment:  a)  it  accumu- 
lated the  effort  from  the  prior  tasks;  and  b)  set  the  stage  fop  the  follow- 
ing two  tasks;  Historical  Task  Analysis  - V and  Life  Cycle  Cost  Analysis  - 
VI. 


Extensive  analytical  results  contained  in  this  data  analysis 
section  provides  comprehensive  quanticative  spectra  encompassing  15 
years  (1962-1976)  of  real  time  data.  This  includes  historical  data 
for  seven  basic  categories:  a)  operations,  b)  maintainance,  c) 

reliability,  d)  safety,  e)  human  resources,  f)  material  resources, 
and  g)  cost.  This  study,  included  the  acquisition,  analyses,  and 
development  of  quantitative  data  on  the  C-130E  weapon  system  during 
three  reasonably  distinct  eras,  namely;  a)  Pre-Southeast  Asian  involve- 
ment, b)  Southeast  Asian  involvement,  and  c)  post  war  period.  Subse- 
quent to  the  Gulf  of  Tonkin  Incident  (August  1964),  a rapid  build-up 
in  Southeast  Asia  occurred.  This  included  the  airlifting  of  men  and 
materials  into  the  theater  of  operations  (main  operating  bases  - MOB) 
beginning  in  November  1964,  that  included  the  assignment  of  C-130 
aircraft  to  various  MOB's  for  forward  logistical  support  purposes. 

The  massive  historical  data  acquired  and  analyzed  covering  the  three 
eras  were  indexed  into  the  seven  data  categories  as  described  above 
and  are  presented  and  decribed  in  detail  in  this  section. 

A data  matrix  (Table  1)  was  developed  to  categorize  the  acquired 
6.1  million  records  and  over  900  documents/reports  into  seven  major 
divisions  and  elements.  The  source,  quality,  quantity,  and  significant 
remarks  for  each  data  element  are  displayed.  This  matrix  will  enable 
future  analysis  to  rapidly  assess  data  availability  and  sources  for 
application  to  any  study  or  need. 
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Large  scale  computers,  remote  terminal  on-line  operations,  and 
applicable  software  were  utilized  to  effectively  and  efficiently  manip- 
ulate the  data  into  listings,  summations,  and  easily  readable  formats, 
thus,  enabling  a more  thorough,  comprehensive  review  by  the  analysts. 

In  general,  excellent  weapon  system  data  in  the  operational  category 
was  obtained  and  presented  for  the  15  year  history.  The  maintenance 
reliability  and  safety  data  categories  are  well  documented.  Scarcity 
of  complete  historical  -data  are  noted  in  the  human  resources,  material 
resources,  and  cost  data  categories.  This  data  spectra  provides  the 
only  existent  resources  utilization  history  of  the  C-130E  weapon 
system  for  a fifteen  year  period.  It  establishes  a much  needed  baseline 
for  this  type  of  weapon  system  historical  data  and  is  a necessary  key 
to  also  establishing  the -life  cycle  cost.  It  provides  a plan  of 
action  for  future  research  efforts  and  establishes  the  type  and  quant- 
ity of  information  that  can  be  expected  to  be  obtained  from  available 
sources  on  other  weapon  systems. 
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IV,  GENERAL  DISCUSSION 
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The  following  paragraphs  attempt  to  bring  into  focus  statistical 
sumnaries  and  trends  that  may  be  detected  from  the  massive  amount  of 
information  collected  and  analyzed  within  the  major  categories. 

OPERATIONS 


A total  of  403  C-130E  aircraft  had  been  procured  by  the  Air  Force 
with  41  no  longer  in  service.  Of  these  procured  aircraft,  the  average 
15  year  possessed  aircraft  count  equaled  260.  These  in-turn  flew, 
during  the  15  years,  3,463,317  hours  for  an  average  utilization  of 
75.2  hours  per  month  per  aircraft.  A 2.63  flight  hour  average  mission 
length  resulted  and  the  aircraft  had  an  average  of  1 landing  (full  stop 
or  touch  and  go)  per  flight  hour.  The  operational  ready  percent  was 
69.9  with  a not  operational  ready  supply  and  maintenance  of  4.0  and 
26.1,  respectively.  Figure  17,  derived  from  the  curvilinear  regression 
formula,  log  X = a + b log  x,  illustrates  the  relationship  between 
varying  sortie  lengths  to  utilization  and  system  maintenance  manhours 
per  flight  hour. 

The  average  utilization  rate,  i.e.,  flight  hours  per  C-130E 
aircraft  per  month  increased  dramatically  between  the  period  of  1963 
and  1966  with  a general  decline  in  utilization  occurring  subsequent 
to  1966  to  a current  level  in  1976  of  46.2  flying  hours  per  month  per 
aircraft.  Figure  18,  depicts  several  key  operations  trends  extant 
within  the  1962-1976  period. 

Apparent  within  Figure  18  is  the  steady  downward  trend  of 
operationally  ready  (OR)  aircraft.  Etiologies  of  this  trend  were 
not  discretely  quantified.  The  general  downward  trend  of  C-130  flying 
hours  subsequent  to  1967  is  due  largely  to  the  introduction  of  the 
Lockhead  C-141  Starlifter  whlcfi  was  used  to  supplement  the  C-130E. 
Fatique/aircraft  structural  problems  encountered  in  Southeast  Asia, 
particularly  the  model  B and  E involving  center  wing  cracking  resulted 
in  the  need  to  lower  the  operational  use  of  the  C-130  weapon  system. 
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WFM  VERSUS  SORTIE  LENGTH  AND  UTILIZATION 


FIGURE  18  C-130E  UTILIZATION  AND  PERCENT  OPERATIONAL 
READY  VS  YEAR  OF  OPERATION. 


MAINTENANCE 


Analysis  of  the  statistical  maintenance  data  showed  an  average 
15  year  maintenance  manhour  per  flight  hour  (MMH/FH)  of  21.98  broken 
into  support  general  10.10  organizational  7.80,  intermediate  2.86, 
and  TCTO  1.22  (depot  1.12  and  base  .10).  Table  30  presents  a breakout 
of  the  maintenance  manhours  by  aircraft  system  along  with  troubleshoot- 
ing MMH/FH,  6.82  and  maintenance  tasks,  34.22/FH.  Of  the  twenty-nine 
systems  in  the  aircraft,  6 (turboprop  power  plant,  airframe,  fuel, 
hydraulic  propel  If,  radar  navigations,  and  landing  gear)  accounted 
for  59.31  percent  o"  the  total  systems  maintenance  manhours.  Figure 
19  presents  a manhour  percentage  distribution  for  the  systems. 

Organizational  and  intermediate  system  troubleshooting  maintenance 
manhours  accounted  for  6.39  percent  of  the  systems  maintenance.  Three 
systems,  fuel,  turboprop  power  plant,  air  conditioning,  and  pressuriza- 
tion accounted  for  slightly  over  41  percent  of  the  troubleshooting 
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TABLE  30  C-I30e  HAINTENAHCE  - REUABILITY  STATISTICAL  SUHHARY 
<ALL  VALUES  ARE  15  YEAR  (1962-1976)  AVERAGES  PER  1000  FLIGHT  HOURS) 
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FIGURE  19  C-130E  PERCENT  DISTRIBUTION  OF  ORGANIZATIONAL  AND  INTERMEDIATE  SYSTEM 

MAINTENANCE  MANHOURS 
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manhours  indicating  difficulty  in  isolating  causes  of  malfunctions  in 
these  systems.  Figure  20  presents  a troubleshooting  manhour  percentage 
distribution  for  the  systems. 

A percent  distribution  of  organizational  and  intermediate  tasks  is 
shown  in  Figure  21.  Organizational  tasks  accounted  for  slightly  more 
than  82  percent  of  the  342.6  tasks  per  1000  flight  hours.  Two  systems, 
turboprop  power  plant  and  airframe  were  responsible  for  over  25  percent 
of  the  total.  Organizational  removal  tasks,  illustrated  in  Figure  22,' 
accounted  for  slightly  more  than  18  percent  of  these  total  tasks. 

Also,  C-130E  maintenance  trends  encompassing  the  1962-1976  time 
period  were  established.  The  top  10  (by  rank  order  assigned)  component 
manhour  consumer  encompassing  18  work  unit  codes  (WUC's)  were  established 
for  the  period  of  1971-1976.  Table  31  provides  a rank  order  synopsis 
of  each  of  the  top  ten  contenders.  Generally,  these  top  ten  manhour 
consumers  ranked  in  1971  continued  to  be  major  conrimers  of  manhours 
throughout  1972  through  1976.  The  rank  order  positions  of  those  top 
ten  manhour  consumers/component  in  1971  show  the  customary  departures 
during  1972-1976.  However,  at  least  6 of  the  1971  top  ten  components 
continue  to  remain  as  top  ten  manhour  consumers  auring  1972  through 
1976. 


Figure  23  reflects  the  organizational  removal  tasks  and  depicts 
the  1962  through  1976  trend.  A line  of  estimated  "best  fit"  has  been 
plotted  for  visual  display  purposes.  It  is  apparent  that  there  has 
been  and  most  probably  will  continue  to  be,  a general  increase  in  the 
number  of  organizational  removal  tasks  per  1000  flight  hour  as  the 
weapon  system  continues  to  age.  The  majority  of  these  removal  tasks 
involve  engine  assembly,  propeller  assembly,  fuel  tanks 
fuel  indicator  and  control  subsystems. 

Figure  24  depicts  a composite  of  Organizational,  Field  and 
Avionics  Maintenance  Squadron  tasks  per  1000  flight  hours.  Again, 
an  estimated  line  of  "best  fit"  for  both  maititenance  ecjielons  was 
plotted  as  a means  of  reflecting  historical  as  well  as  projected 
trends.  A positive,  upward  trend  in  intermedicte  and  organization 
maintenance  tasks  can  be  expected  in  the  future.  Although  the  air- 
craft utilization  rate,  i.e.,  flying  hours  per  aircraft  per  month, 
shows  a downward  trend,  the  maintenance  tasks  show  an  inverse 
relationship.  The  argument  is  frequently  stated  that  "maintenance 
goes  up  when  flying  rates  go  down  merely  because  the  aircraft  is 
available."  This  argument,  although  having  some  merit  to  it,  still 
serves  as  a deserving  simplistic  apporach  to  maintenance.  Aging  of 
aircraft  flight  hardware,  plus  the  relatively  low  availability  of 
replacement  parts  is  one  significant  factor  contributing  to  the  general 
upward  trend  of  maintenance  tasks  per  1000  flight  hours. 
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21  C-130E  PERCENT  DISTRIBUTION  OF  ORGANIZATIONAL  AND  INTERMEDIATE  MAINTENANC 

(15  YEAR  AVERAGE  1962-1976) 


FIGURE  22  C-130E  PERCENT  DISTRIBUTION  OF  ORGANIZATIONAL  REMOVAL  TASKS 

(15  YEAR  AVERAGE  1962-1976) 


TABLE  31  C-130E  TOP.vTEN  COMPQHf NT. MANHOUR  CONSUMER 


ORGANIZATION  REMOVAL  TASKS  VS  YEARS  OF  OPERATION 


A general  upward  trend  in  support  general,  organizational,  and 
intermediate  maintenance  manhours  can  be  seen  in  Figure  25.  A high 
maintenance  manhour  profile  is  apparent  during  the  high  Southeast  Asian 
utilization  period  of  1965  through  1968  with  a downward  profile  occurring 
until  1972  followed  by  another  upward  maintenance  surge  through  1976. 

Not  apparent  in  this  figure  is  the  fact  that  the  flying  rate  per  month 
per  aircraft  has  dropped  significantly  since  the  Southeast  Asian  involve- 
ment. It  appears  that  a continued  upward  trend  can  be  forecast  re: 
maintenance  hour  rates.  TCTO  installation  hours  reflect  a dramatic 
drop  in  recent  years.  This  is  supported  by  the  relatively  small 
proportional  contribution  in  maintenance  hours  since  1974. 

RELIABILITY 


From  a reliability  viewpoint,  six  systems  - airframe,  cockpit 
and  fuselage,  landing  gear,  turbo  prop  power  plant,  lighting,  and  radar 
riavigation  - accounted  for  57.4  percent  of  the  total  system  failures, 
1874.31  per  1000  flight  hours.  Four  of  these  - airframe,  landing  gear, 
turboprop  power  plant,  and  radar  navigation  - were  also  in  the  high 
maintenance  manhour  category.  The  remaining  two  systems  - cockpit  and 
fuselage,  and  lighting  - ranked  7th  and  17th  respectively  in  maintenance. 

A failure  is  charged  to  a component  whenever  maintenance  is  necessary  to 
restore  it  to  a satisfactory  operating  condition.  This  definition 
includes  actions/tasks  such  as  adjustments,  calibration,  and  repair  or  ' 
replacement  of  attaching  parts.  Figure  I-l , Appendix  I,  displays  a 
percent  distribution  of  the  15-year  average  failures  by  system. 

It  is  apparent  from  Figure  1-2,  Appendix  I,  that  the  generally 
upward  slope  of  failure  rate  is  indicative  of  an  aging  aircraft. 

A percent  distribution  of  components  repair  off  base  by  system  is 
shown  in  Figure  1-3,  Appendix  I.  Four  systems  - instruments,  landing 
gear,  turboprop  power  plant,  and  air  conditioning-pressurization, 
accounted  for  64.6  percent  of  the  total  160.01  components  repaired  off 
base  per  1000  flight  hours.  This  grouping  of  systems  would  be  expected 
for  a cargo  type  aircraft  as  the  components,  sealed  jnstruments,  fire  re- 
cap, and  engine  parts,  are  typically  not  repaired  at^he  intermediate 
level.  In  general,  a downward  trend  is  being  experienced  in  this  area. 
Figure  1-4,  Appendix  I,  indicating  greater  base  self-sufficiency. 

The  percent' distribution  of  components  condemned.  Figure  1-5, 
Appendix  I,  indicates  that  four  systems  out  of  the  29  accounted  for  57.4 
percent  of  the  total  23.38  per  1000  flight  hours  condemn  value.  In  order 
of  significance,  these  systems  are  turboprop  power  plant,  landing  gear, 
cockpit  and  fuselage,  and  air  conditioning,  pressurization.  Figure  1-6, 
Appendix  I,  illustrates  a decided  drop  in  components  condemned  during  the 
15-year  life  of  the  aircraft,  1962  through  1976.  The  highest  reported 
value  was  50.15  per  1000  flight  hours  for  1962  and  a low  of  9.15  for  1972. 

Only  material  aborts  are  covered  in  this  report.  Other  types  of 
aborts  such  as  weather,  higher  headquarters,  etc.  were  not  acquired. 

Figure  1-7,  Appendix  I,  presents  a percentage  distribution  by  system  of 
aborts  divided  into  a ground  or  flight  type.  The  aborts  split  almost 
equal  with  ground  accounting  for  51.9  percent  and  flight  48.1  percent. 
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YEAR  OF  OFEMTIQN 

FIGURE  25  C-130E  ORGAWZAnOKAL  AND  INTEIWEDIATE  SYSTEM  MAIMTEHANCE  MANHOURS 
AND  TOO  (BASE  ANO  DEPOT)  MAI^(TENANC£  MANHOURS  PER  FLIGHT  HOUR  VS 
YEAR  OF  OPERATION 


Two  systems,  turboprop  power  plant  and  hydraulic  propellers,  accounted 
for  exactly  50  percent  of  all  aircraft  aborts.  Ground  type  aborts  were 
in  turn  responsible  for  57.5  percent  of  the  aborts  in  the  two  systems. 


Figure  1-8,  Appendix  I,  portrays  the  yearly  abort  rate  (ground  and 
flight)  for  the  15  study  years.  Although  peaks  occurred  in  1966,  1971, 
and  1974  as  a result  of  extensive  aircraft  operational  involvement,  the 
general  trend  was  relatively  stable. 


The  rank  order  of  the  top  10  component  failures  impacting  organi- 
zational and  intermediate  maintenance  for  years  1971-1976  are  depicted 
in  Table  32.  The  top  10  ranked  during  1971  reflect  a wide  range  of 
variances  apparent  during  each  succeeding  year,  namely,  1972-1976.  These 
rank  order  distributions  encompassed  27  individual  work  unit  codas  (WUCs) 
(Reference  Table  32).  Current  items  reflecting  highest  failure  rates 
include:  a)  blade  assembly,  b)  wheel  well  assembly,  c)  floor  panel 

assembly,  d)  B-nut.  P/0  hydraulic  pneumatic  valve,  e)  cooling,  and 
f)  center  cargo  insulation  blanket.  Also  indicated,  but  not  succinctly 
stated  is  the  fact  that  components  failing  during  particular  year(s), 
when  replaced  or  fixed  by  corrective  action,  precluded  continued  failure 
during  subsequent  years.  Component  items-that  initially  showed  high 
failures,  continued  to  rank  in  the  top  10  most  failed  list  until 
corrective  action  was  taken  to  resolve  failure  etiologies.  Implied 
is  the  obvious  fact  that  many  components  not  failed  and  not  scheduled 
for  repair  action  accumulate  "a  time  to  fail  profile."  This  is  borne 
out  by  the  listing  of  new  and/or  different  failed  components  in  1972 
when  compared  to  1971,  1973  when  compared  to  1972',  1974  when  compared  to 
1973  and  so  on  through  1976. 

The  depot  repair  tasks  per  1000  flight  hours  is  shown  in  Figure  1-9. 
Excluding  the  miscellaneous  "system,"  radar  navigation,  landing  gear, 
fuel,  and  air  conditioning /pressurization  accounted  for  almost  44  per- 
cent of  the  total  584.127  depot  actions  per  1000  flight  hours.  Figure 
I-IO,  presents  the  percent  distribution  of  all  C-130F  identified  depot 
repair  tasks  by  system. 


32  C-130£  TOP  TEN  ORGANIZATIONAL  AND  INTERMEDIATE  COMPONENT  FAILURES 


SAFETY 


Analyses  of  recorded  unplanned  events  (accidents)  during  the  1962- 
1976  time  period  reflect  the  following  trends,  namely:  a)  the  occurrence 

of  unplanned  events  (major  and’ minor  accidents)  began  an  upward  trend 
in  1964  with  a peak  occurring  in  1967,  and  b)  a downward  trend  is  apparent 
between  1967  through  1971  with  a slight  bi -modal  increase  noted  in  1972 
and  1974.  The  numbers  of  total  unplanned  events  per  year  reflefi  a 
positive  correlation  to  flight  hours  logged  per  year.  Figure  26 
provides  a graphic  scenario  of  major,  minor,  and  total  numbers  of 
accidents  that  occurred  since  1962.  To  date,  a general  downward  trend 
of  unplanned  events  (both  major  and  minor  accidents)  is  evident  since 
1972.  It  is  expected  that  this  level,  attained  in  1976,  should  remain 
at  its  present  stage,  if  the  numbers  of  flight  hours,  hence  exposure 
level,  remain  steady  state.  This  presumes  that  no  major  or  cumulative 
fault  side  operations  and/or  maintenance  practices  are  allowed  to  creep 
into  current  practices. 

Figure  27, provides  a graphic  display  of  ratios  of  major  and  minor 
damaged  aircraft  and  fatal  accidents  that  have  occurred  per  each  100,000 
flight  hours  logged.  A general  upward  trend  in  major  and  minor  accident 
rates  is  apparent  during  the  years  of  1962  through  1967  followed  by  a 
downward  profile  in  the  ensuing  years  of  1968  through  1971.  The 
highest  ratios  of  accidents  per  100,000  flight  hours  occurred  in  1972 
and  1974  with  a dramatic  drop  thereafter.  Ah  upward  trend  in  fatal 
accidents  is  evident  from  1964  through  1972  with  a subsequent  downward 
trend  recorded  during  the  near  term  •'eriods  of  1973  through  T976. 

Extant  within  Figure  27  is..a  tabulation. of  the  rates  (ratios)  of  C-130E 
aircraft  destroyed  per  100,000  flight  hours.  For  example,  in  1963, 
there  were  1.2  aircraft  accidents  per  100,000  flight  hours  with  a 
concurrent  destroyed  aircraft  ratio’ also  of  1.2.  In  1964,  the  accident 
ratio  was  1.3  with  a destroyed  aircraft  ratio  of  0.00. 

Further  analyses  of  data  concerning  the  flight  or_operating  phases 
of  the  aircraft  most  likely  to  result  in  accidents  has-evolve^  the 
following  historical  profiles,  viz: 


1.  Most  unplanned  events  can  be  expected  to  occur  during  landing. 
An  average  of  59%  of  all  unplanned  events  occur  during  the 
landing  phase.,  with  the  majority  of  these  occurring  during 
flareout  (30%),  followed  by  roll  (19%)  and  approach  (10%). 


2.  Unplanned  events  occurring  inflight,  ranks  as  the  second 
highest  accident  category  with  a 15  year  historical  pro 
of  17%.  The  majority  of  these  occur  during  normal  flight 
(9%),  followed  by  low  level  flight  (7%)  and  descent  (1%). 
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3.  Nine  percent  (9%)  of  all  unplanned  events  occurred  during 
taxiing  (6%  to  takeoff  and  3%  taxiing  from  landing). 

4.  Seven  percent  (7X)  of  all  unplanned  events  occurred  during 
takeoff.  Three  percent  (3X)  occurred  during  roll,  three  percent 
(3X)  occurred  during  Initial  climb  and  one  percent  (IS)  occurred 
as  a result  of  discontinued  takeoff. 

5.  The  remaining  unplanned  event  phases  of  flight  operations  that 
contribute  to  this  proportional  non-safety  mosaic  are: 

a.  Four  percent  (4S)  occur  during  flight  go-around  and  pre- 
meditated touch-and-go  exercises. 

b.  Four  percent  (4S)  occur  while  the  engines  are  running  but 
the  aircraft  Is  not  taxiing. 

HUMAN  RESOURCES 

Maintenance  Manpower 

Present  maintenance  manpower  resource  levels  indicate  an  existing 
maintenance  manpower  profile  of  almost  28  personnel  (officers,  enlisted 
and  civilian)  per  C-130E  aircraft.  Reference  Section  III  above  for 
detailed  information,  A definite  downward  trend  In  Air  Force  personnel 
has  occurred  subsequent  to  1972  due  to  planned  reductions  In  force. 

However  these  reductions  have  not  bean  apparent  concerning  the  C-130 
weapon  system  subsequent  to  the  reductions  that  occurred  in  1972. 

Table  33  below  provides  a summary  of  the  numbers  of  officers,  enlisted 
and  civilian  personnel  totals  from  1962  through  1976. 

TABLE  33  -C-130E  PERSONNEL  AND  POSSESSED  AIRCRAFT  BY  YEAR 


YEAR 

TOTAL  PERSONNEL 

POSSESSED  AIRCRAFT 

1962 

305 

11 

n 

i:>oo 

0*3 

w 

1964 

6265 

226 

1965 

8732 

315 

1966 

8178 

295 

1967 

8068 

291 

1968 

7733 

279 

1969 

8011 

291 

i9/u 

8426 

304 

1971 

8953 

323 

1972 

8262 

298 

1973 

8118 

293 

1974 

8178 

295 

1975 

8206 

296 

1976 

8233 

297 
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The  accrual  of  personnel  during  the  years  of  1962  through  1965  is 
due  to  the  large  influx  of  delivered  C-130.  aircraft  during  these  years. 
Although  waveform  fluctuations  in  total  personnel  occurred  subsequent 
to  1965,  a definite  historical  trend  upward  or  downward  is  not  evident 
escept  for  1971.  Analyses  of  assigned  manpower  profiles  by  work  center 
show  that  the  majority  of  the  C-130  maintenance  personnel  are  located 
within  the  Field  Maintenance  Squadrons,  followed  by  the  Organizational 
Maintenance  Squadrons,  Avionics  Maintenance  Squadrons  and  Deputy  Comm- 
ander for  Maintenance  areas.  The  relative  proportional  weights  of 
personnel  per  Unit  of  Equipment  (UE)  at  these  respective  locations  are: 

1)  FMS  * 39.369*;  2)  QMS  = 32.350%;  3)  AMS  = 17.989;  and  4)  DCM  = 

10.305%.  It  is  presumed  that  these  percentiles  expressed  above  will 
continue  during  the  ensuing  years,  irrespective  of  the  numbers  of 
possessed  C-130  aircraft. 

Operations  Manpower 

Operations  manpower  profiles  (i.e. , pilots,  co-pilots,  navigators, 
flight  engineers,  and  loadmasters)  are  expected  to  remain  at  a steady 
state, providing  the  aircraft  utilization  rates  remain  essentially  un- 
changed. At  present,  crew  ratio  of  2.0  per  aircraft  is  in  effect. 

Crew  profiles,  as  discussed  in  Section  III  above,  indicate  a leveling 
off  since  1971.  Future  trends  in  flight  crew  numbers  are  difficult  to 
project  as  they  are  sensitive  to  aircraft  utilization  demands.  These 
demands,  such  as  movement  toward  a war  readiness  posture  induce  a surge 
that  can  only  be  accommodated  by  increased  crews  providing  utilization 
rates  exceed  4.0  flying  hours  per  day  per  aircraft. 

Field  Training 

Current  trends  of  Field  Training  Detachment  workloads  are  expected 
to  remain  at  a steady  level  of  about  1,027  graduates  per  year  per 
C-130  FTD  at  a rate  of  44,400  annual  trainee  hours  per  FTD.  Again,  this 
is  subject  to  dramatic  upward  shifts  if  C-130  logistics  support  rates 
increase  due  to  extended  surge  demands. 

Educational  Backgrounds  - Officer  Personnel 

Historical  records,  acquired  from  the  Computational  Sciences  Division, 
Air  Force  Human  Resources  Laboratory,  Lackland  AFB,  Texas,  clearly  show 
the  upward  trend  of  achieved  academic  status.  In  brief,  1962  through  1976 
data  reflect  the  following  educational  historical  profiles  of  maintenance 
officer  personnel: 

1.  Non-high  school  graduate  personnel  are  not  officer  rated. 

2.  Significant  drops  in  numbers  of  high  school  graduates  holding 
officer  ratings  have  occurred  over  the  past  15  years  (from 
2383  in  1962  to  84  in  1976). 
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3.  Few  officer  rated  personnel  attend  college  without 
graduating. 

4-  More  officer  rated  personnel  successfully  matriculate 

(Bachelor  degrees)  in  today’s  environment  that  existed  in 
the  early  and  late  1960's. 

5.  More  officer  rated  personnel  receive  advanced  degrees  (Master's 
and  above)  than  in  previous  years.  This  is  particularly 

true  since  June  1972. 

6.  The  numbers  (stated  in  proportional  values)  of  officer 
rated  personnel  attending  post-graduate  courses  subsequent 

to  receipt  of  Master's  degree  certification  is  essentially 
unchanged. 

7.  A slight  proportional  increase  in  the  numbers  of  Doctorial 
certified  officers  has  occurred. 

These  trends  are  expected  to  continue  as  advanced  Air  Force  tech- 
nologies are  introduced  into  future  systems. 

Educational  Backgrounds  - Enlisted  Personnel 

In  general  the  trends  summarized  for  officer  personnel  above  also 
apply  to  enlisted  personnel.  Fewer  enlisted  personnel  are  non-high 
school  graduates  in  1976  compared  to  numbers  recorded  in  prev.ious  years. 
Proportionately  more  enlisted  personnel  are  attending  college  and/or 
matriculating  with  bachelor's  degrees  than  in  previous  years.  These 
trends  are  expected  to  continue. 

MATERIAL  RESOURCES  AND  COST  DATA 

These  two  areas,  although  extensively  discussed  as  separate 
identities  within  this  report,  are  combined  at  this  point  for  two 
reasons:  a)  both  are  dollar  oriented,  and  b)i  a common-theme  was 
evident.  This  theme  or  message  was  that  no  actual  historical  material 
or  cost  data  had  been  collected  or  maintained  over  the  life  cycle  of 
the  weapon  system  and  that  no  single  data  source  exists  that  collects 
and  maintains  total  historical  cost  data. 

V'ithin  Material  Resources  and  Cost  Data,  various  data  collection 
systems  are  discussed  as  to  their  respective  purposes  and  results  pre- 
sented, however  fragmentary,  as  they  applied  to  this  study.  It  is 
suggested  the  reader  carefully  review  the  limitations  and  intent  of  the 
system  in  question  prior  to  the  application  of  values  shown. 
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V CONCLUSION 


SYNOPSIS 


This  report  describes  the  work  accomplished  under  Task  III  and  IV 
of  a six  task  study  to  “Historically  Analyze  the  Resource  Utilization 
Profiles  of  C-130E."  The  purpose  of  Task  III  was  to  identify,  locate, 
collect  and  analyze  all  available  C-130E  data  in  Air  Force  data  files, 
archives  and  data  systans.  This  data,  coupled  with  the  published 
literature  acquired  and  evaluated  during  Task  II  (Ref.  10),  became  the 
imput  to  Task  IV. 

The  objectives  of  Task  IV  were:  a)  to  develop  a data  matrix  that 
evaluates  the  various  data  sources,  b)  to  develop  techniques  and  computer 
process  the  data  collected,  and  c)  to  statistically  analyze  and  package 
the  data  for  presentation  and  use  in  this  report.  Detailed  analysis  of 
what  the  data  may  reveal  about  the  C-130E  aircraft  and  its  design, 
operation  and  maintenance  was  not  within  the  scope  of  this  study. 

Results  of  the  work  accomplished  during  Task  III  and  IV. included 
in  this  report  are;  a)  development  of  an  extensive  collection  of 
C-130E  historical  data  elements  ^ Section  II),  b)  development  of  a data 
evaluation  matrix  (Section  II),  c)  a data  sources  and  agencies  table 
(Appendix  A),  and  d)  extensive  :ables  and  graphs  (Section  III)  depict- 
ing the  fifteen  year  historical  profile  of  the  C-130E  Hercules  aircraft 
including: 

• Quantified  organizational  and  Intermediate 

and  corrective  maintenance  m.anh.Qurs  by  sub-system,  per  1000 
flight  hours. 

• Distribution  of  corrective  maintenance  tasks  by  sub-system. 

« a^nizational  and  intermediate  tasks  by  sortie. 

t Organizational  remove  and  install  tasks  per  .1000  flight  hours 
and  component  failures  by  system  per  1000  flight  hours  and 
per  sortie. 

t Maintenance  manpower  estimates. 

• Flight  training  histories. 

• Time  compliance  technical  order  kits  installed  at  base  and  at 
depot,  including  numbers  and  manhours. 

e RDT&E,  acquisition  and  O&S  cost  data. 

• Educational  levels  of  selected  officer  and  enlisted  Air  Force 
skill  codes. 

• The  C-130  MDS  milestones,  family  tree  and  the  C-130E  system 
description. 
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All  data- acquired  for  the  study  were  indexed  into  seven  basic 
categories,  i.e.;  a)  operations,  b)  maintenance,  c)  reliability, 
d)  safety,  e)  human  resources,  f)  material  resources,  and  g)  cost. 

In  general,  excellent  weapon  system  data  in  the  operational  category  was 
obtained  for  the  15  years  of  history.  The  maintenance,  reliability  and 
safety  data  categories  were  well  documented.  Scarcity  of  complete  histor- 
ical data  weee  noted  in  the  human  resources,  material  resources  and 
cost  data  categories.  Therefore,  statistical  normalizing  techniques  were 
applied  to  the  available  data  slices  as  the  means  of  filling  in  missing 
years  for  selected  data  elements. 
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Despite  some  misgivings  in  some  areas  relative  to  the  use  of  data 
from  Air  Force  data  systems  for  study  purposes,  this  study  has  shown 
that  one  can  derive  a meaningful  historical  data  base  for  others  to 
use  in  predicting  resource  requtrements  for  new,  similar  systems. 

PROBLEMS 


Some  of  the  more  significant  problems  were: 

t A massive  amount  of  data  {6.1  million  records  and  900-reports, 
papers,  articles,  etc.)  was  collected  and  evaluated.  Packaging 
and  evaluating  this  data  for  logical  presentation  in  a relative- 
ly few  pages  was  a formidable  task.  There  are  any  number  of 
combinations  in  which  the  data  could  be  packaged  and  displayed. 
The  available  time  and  study  resources  allocated  did  not  permtt 
investigation  into  the  best  displays  of  most  practical  approach. 
The  contractor  overcame  this  problem  by  the  use  of  skilled  per- 
sonnel methods,  techniques,  computer  programs  and  displays 
previously  developed  during  twenty  years  of  acquiring  data 
from  Air  Force  data  systems/sources  and  applying  the  analyzed 
results  to  numerous  Air  Force  programs. 

f Much  difficulty  was  encountered  in  sorting  C-130E  data  f*x3m 
gross  data  on  the  C-130  MDS.  This  was  especially  true  in 
the  cost  category  and  in  the  depot  area. 


t The  general  policy  of  USAF  agencies  to  minimize  historical  data 
files,  retaining  data  for  short  time  periods  only,  as  well  as 

not  haV’f’n  ^ ron+-i»al  woannn  cuc+-om  data  ronnc-? trivv  had  a ny»r>- 

found  affect  on  analytical  results.  Extrapolative  and  inter- 
polative  analytical  results  are  always  "second  best"  when 
attempting  to  evolve  quantitative  weapon  system  histories. 

• In  some  cases,  data  requested  were  either  not  delivered  or  made 
available  or  sometimes  arrived  too  late  for  analysis.  This 
precluded  Guantitative  compilation  of  meaningful,  accurate 
historical  profiles  in  some  areas. 

• Conflicting  sources  of  data  (e.g.,  number  of  possessed  C-13QE 
aircraft  per  year  from  1962-1976),  obviated  or  attenuated- 
analytical  progress.  In  some  cases  these  conflicts  could  not 
be  satisfactorily  resolved. 
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« Compilation  of  fragmented  and/or  discontinuous  data  resulted 
in  formulation  of  some  scattered,  discontinuous  analytical 
resul ts. 

Most  of  the  difficulties  encountered  were  resolved  through  exten- 
sive conference  telephone  conversations  with  key  personnel  located  with- 
in the  multitude  of  USAF  agencies  visited  by  Boeing  investigators. 

Data  source  summaries,  compiled  during  field  trips,  served  as  an  excel- 
lant  "yellow  page"  directory  for  additional  follow-up  when  conflicts 
or  other  difficulties  were  encountered.  Conflicting  data  problems 
were  primarily  resolved  via  engineering  judgment  or  by  direct  contact 
with  the  oriiginatigg  USAF  agency(ies). 

RECOWENDATIONS 


The  following  recommendations  are  made: 

• The  Air  Force  should  develop  and  implement  an  integrated 
historical  data  center  to  accumulate  and  maintain  the  seven 
categories  of  data  developed  in  this  study,  by  weapon  system 
(MDS).  This  would  allow  Air  Force  agencies  and  their- contractors 
to  use  a common  data  base  in  making  trade  studies  and  in  respond- 
ing to  proposals  for  new  weapon  systems  and  equipment. 

• Meanwhile,  additional  historical  data  bases  on  selected  Air 
Force  systems  should  be  developed  as  delineated  in  this  study. 

It  is  recommended  that  each  study  extend  for  18  months  to 

24  months  to  allow  adequate  time  for  data  acquisition  and 
analysis . 

• Similar  studies  should  cover  a weapon  system  (MDS)  family 
rather  then  a single  selected  model.  Family  differences 

could  be  accounted  for  in  equipment  and  configuration  differences. 

t A study  of  Air  Force  data  systems  should  be  made  to  identify 
data  deficient  areas  and  the  means  for  accumulating  actual 
data, for  missing  elements.  Much  of  this  couTd  be  done  by 
sampling. 

• The  data  evaluation  pointed  to  many  obvious  areas  for  future 
investigation  such  as;  why  is  fuel  consumption  at  one  base, 
twice  that  at  another?  Why  are  maintenance  manhours  so  high 
on  the  system  interface  items  such  as  wiring,  plumbing, 
connections  and  fasteners?  Is  the  planned  training  versus  the 
actual  task  performance  compatable?  Why  are  so  many  after 
the  fact  modifications  required  and  are  they  all  necessary? 

What  is  the  relationship  between  make  work  modification-;cost 
and  RDT&E  cost? 
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GLOSSARY  OF  TERMS 


ABORT  MATERIAL 


ACCIDENT 


AEROSPACE  VEHICLE 


AIRCRAFT  ATTRITED 


AIRCRAFT  MODIFICATION 


Premature  termination  of  a flight  because  of 
mission  essential  equipment  failure. 

An  unplanned  event  that  does  damage  to  persons 
or  property,  exclusive  of  damage  caused  by 
action  of  an  enemy  or  hostile  force,  see 
AFR  127-4  for  exact  definitions  of  different 
accident  classes. 

For  the  purposes  of  this  manual,  an  aerospace 
vehicle  includes  all  USAF  owned  aircraft  and 
selected  missiles  (ADM,  AGM-28,  AQM,  BQM,  CIM, 
CGM,  LGM,  HGM,  LV,  and  SLV). 

Aircraft  lost  from  the  inventory  because  of 
attrition. 

Class  IV  modifications  are  defined  (AFR  57-4) 
as  those  retrofit  changes  required  to  insure 
safety  of  personnel,  systems,  or  equipment 
by  eliminating  operational,  nuclear,  or  phy- 
sical hazard,  necessary  to  correct  a defici- 
ency including  one  that  effects  reliability, 
maintainability,  electro-magnetic  compati- 
bility, or  communications  security;  or 
required  for  logistics  support  purposes. 

Class  V modifications  are  defined  (T.O.  00- 
25-30)  as  changes  to  the  physical  configura- 
tion or  in  the  functional  characteristics  of 
a system  or  equipment.  Class  V modifications 
improve  system  operational  capabilities  and 
are  often  associated  with  changes  in  assigned 
mission.  Aircraft  modification  provides  for: 

a.  Class  IV  and  V modifications  of: 

(1)  in-service  aircraft 

(2)  direct  ground  support  equipment 

(3)  training  equipment  (aircraft) 

(4)  components 

b.  Procuring,  under  HQ  USAF  approved  and 

di rected  moderni zati on/maintenance 

programs: 

(1)  modification  kits  and  special  tools 
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AIRCRAFT  PROCUREMENT 


AIRCRAFT  REPLENISHMENT 
SPARES  AND  REPAIR  PARTS 

AIRCRAFT  SAMPLED 
AIRCREW 

AIRCREW  PERSONNEL 


(2)  ccricurrerit  repldCanent  of  equipment 
taken  from  stock 

(3)  peculiar  ground  support  equipment 

(4)  revised  technical  data  and 
handbooks 

c.  Modifying  in-inventory  components. 

(Appr.  3010).  This  appropriation  provides  for 
fabricating  and  procuring  aircraft  weapon 
systems,  modifications,  direct  ground  support 
equipment,  aircraft  industrial  facilities, 
spares  and  repair  parts,  war  consumables, 
miscellaneous  aircraft  requirements,  and 
first  destination  transportation.  It  in- 
cludes procuring  of  Air  Force  Stock  Fund  items 
(except  from  the  Stock  Fund),  base  procurement 
(see  AFR  67-3),  contract  technical  services 
(see  AFR  66-18),  engineering  data,  installing 
prototype  modification  under  HQ  USAF  approved 
and  directed  modernization/maintenance  pro- 
grams, and  labor  required  for  Class  IV  and  V 
modifications  when  the  aircraft  are  a part  of 
the  scheduled  modernization  program  for 
example  B-52  for  FY  1967  Program. 

Are  those  required  to  support- aircraft  in  the 
inventory,  the  modification  and  modernization 
program,  war  readiness  material,  and  related 
support  equipment,  that  is,  AGE.  Aircraft 
replenishment  spares  are  those  investment 
type  itens  (recoverable  and  replacement) 
which  are  normally  repaired  and  returned  to 
stock.  Investment  type  items  are  defined  as 
repa  able  assemblies,  spares-and  repair  parts 
which  are  centrally  managed.  The  cost  of  air- 
craft replenishment  spares  is  funded  out  of 
Air  Force  Appropriation  3010,  Aircraft 
Procurement. 

The  number  of  aircraft  included  in  the  data 
sample  - may  not  include  all  aircraft  of  a 
given  model. 

The  full  complement  of  officers  and  airmen 
designated  to  man  an  aircraft  in  flight. 

Personnel  whose  primary  duty  is  to  occupy 
aircrew  positions. 
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AIR  FORCE  SPECIALTY 
CODE  (AFSC) 


A numerical  designation  of  dn  Air  Tores  Spec- 
ialty. The  meaning  of  the  codas  is  specified 
in  AFR  35-1,  Military  Personnel  Classification 
Policy  Manual- 


AIRFRAME  TIME 


ATTACHING  PARTS 


AUTHORIZED  ACTIVE 
IfWENTORY  (AAI) 


AVERAGE  FLIGHT 
LENGTH 

AVERAGE  UTILIZATION 


BASE  fiAINTEflANCE 


BENCH  CHECK 


The  average  number  of  flight  hours  accumulated 
on  the  airframe  of  the  fleet  of  aircraft 
sampled. 

This  includes  items  such  as  seals,  gaskets, 
electrical  connections,  fittings,  etc.  MDC 
action  taken  code  *’6”. 

The  sum  of  UE  authorized  (to  include  the 
force  UE  plus  UE  required  to  train  replace- 
ment crews)  plus  an  allowance  for  not  oper- 
ationally available  (NOA)  (10%  for  force 
aircraft)  plus  those  aircraft  in  test  category 
for  the  purpose  of  improving  the  capabilities 
of  the  MDS  concerned.  This  term  refers  to 
authorizations  only  and  does  not  include 
physical  assets. 

Hje  total  flying  hours  divided  by  the  number 
of  sorties  yields  the  average  flight  length. 

The  average  number  of  hours  flown  by  one 
aircraft  in  one  month. 

a.  Base  maintenance  is  that  maintenance 
performed  at  base  level  by  designated 
maintenance  organizations.  It  generally 
consists  of  three  types  of  maintenance; 
organizational  or  flight-line,  field  and 
periodic. 

b.  The  base  maintenance  cost-factors  include 
costs  for  military  and  civilian  labor  and 
expense  material  purchased  from  the 
Systems  Support  Division  and  the  General 
Support  Division  of  the  Air  Force  Stock 
Fund.  Military  labor  cost  is  funded  out 
of  Air  Force  Appropriation  3500, 

Military  Personnel,  while  civilian  labor 
and  material  costs  are  funded  out  of  Air 
Force  Appropriation  3400,  Operations  and 
Maintenance  (O&Ii). 

?4aintenance  action  to  determine  condition  of 
an  item  entering  intermediate  (shop)  mainten- 
ance, MDC  action  taken  codes  A through  D and 
1 through  9. 
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BENCH  CHECK  AND 
REPAIR 


BENCH  CHECK  (ONLY) 


BENCH  CHECK  SERVICEABLE 


Item  bench  checked  and  performance  of  con- 
current repair  action.  HOC  action  taken  code 
"A". 

Item  bench  checked  and  no  subsequent  action. 
HOC  action  taken  codes  "B“,  "C",  "0". 

Item  found  serviceable  after  bench  check. 

HOC  action  taken  code  "B". 


COMMAND  OPERATING 


The  Air  Force  Command  and  geographical  area 
which  possess  the  aircraft  under  study. 


COMPONENTS  REPAIRED 
OFF  BASE 

CONDEMNEO 


CREW  COMPOSITION 


CREW  RATIO  (CR) 


DATA  TIME  PERIOD 


DEPOT  MAINTENANCE 


FAILORE 


See  NRTS. 


Items  that  cannot  be  repaired  and  are  pro- 
cessed for  conder.iation,  reclamation,  or 
salvage,  MDC  action  taken  code  9. 

The  number  of  pilots,  navigators,  electronic 
warfare  officers,  and  airmen  authorized  as 
aircrew  for  a particular  weapon  system  by 
Air  Force  Specialty  Code  (AFSC).  It  should 
be  noted  that  crew  composition  is  frequently 
varied  by  mission. 

The  aircrew-tc-aircraft  ratio- reflecting  the 
nunber  of  aircrews  for  each  UE  aircraft  in 
the  squadron. 

Beginning  and  ending  dates  of  the  time  period 
of  the  data  sample;  selected  as  representa- 
tive because  of  consistency  in  operations  and 
data  reporting. 

That  maintenance  performed  on  -material  re-^ 
quiring  major  overhaul  or  a co«iplete  rebuild 
of  parts,  assanblies,  subassemblies  and  end 
items  including  the  manufacture  of  parts, 
modifications,  testing,  and  reclamation  as 
required. 

Any  item  that  requires  maintenance  to  restore 


w u ^ jr  wp 
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eluding  repair/replacement  of  attaching  parts. 
Normal  service  is  not  included.  MDC  failure 
count  is  obtained  from  AFTO  Form  349  subject 
to  the  following  criteria: 
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Units  of  work  having  the  following  MDC 
How  Malfunction  codes  were  omitted: 

793  - No  Defect  - TCTO  Kits  Received  by 
Base  Supply 

796  - No  Defect  - Removed  for  Reliability 

Assessment 

797  - No  Defect  - Technical  Order 

Previously  Complied  With 

798  - No  Defect  - Technical  Order  Not 

Applicable  - Equipment  to  be  Replace, 
Modified  or  Not  Installed 

799  - No  Defect 

800  - No  Defect  - Component  Removed  and/or 

Reinstalled  to  Facilitate  Other 
Maintenance 

801  - No  Defect  - Technical  Order  Compliance 

802  - No  Defect  - Partial  Technical  Order 

Compliance 

803  - No  Defect  - Removed  For  Time  Change 

804  - No  Defect  - Removed  for  Schedule 

Maintenance 

805  - No  Defect  - Not  Otherwise  Coded 

811  - No  Defect  - Class  1 Modification 

812  - No  Defect  - Associated  Equipment 

Malfunction 

911  - Engine  TCTO  Correction  Code 

948  - No  Defect  - Operator  Error 

If  the  data  were  taken  from  an  On-Equipnient 
Form,  failure*:  were  defined  by  the  following 
"Action  Taken"  Codes: 

F - Repair 

6 - Repair  and/or  Replacement  of  Attaching 
Parts 
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K - Calibrated  - Adjust-’ent  Required 

L - Adjust 

V - Clean 

Z - Corrosion  Treatment 

If  the  data  were  taken  from  a shop  form, 
failures  were  defined  by  the  following  Action 
Taken  Codes; 

1 - Bench  Checked  - NRTS  (Not  Repairable 

This  Station)  - Repair  Not  Authorized 

2 - Bench  Checked  - NRTS  - Lack  of  Equip- 

ment, Tools,  or  Facilities 

3 - Bench  Checked  - NRTS  - Lack  of 

Technical  Skills 

4 - Bench  Checked  - NRTS  - Lack  of  Parts 

5 - Bench  Checked  - NRTS  - Shop  Backlog 

6 - Bench  Checked  - NRTS  - Lack  of 

Technical  Data 

7 - Bench  Checked  - NRTS  - Excess  to  Base 

Requirements 

8 - Bench  Checked  - Returned  to  Depot 

Facilities  by  Direction  of  System 
Manager  or  Item  Manager 

9 - Bench  Checked  - Condemned 

A - Bench  Checked  and  Repaired 

D - Bench  Checked  - Transferred  to  Another 
Base 

F - Repair 

G - Repair  and/or  Replacement  of  Attaching 
Parts 

K - Calibrated  - Adjustment  Required 
L - Adjust 
V - Clean 

Z - Corrosion  ’’‘reatment 
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FAILURE  MODE 


FLIGHT  ABORT 


FLIGHT  TIME 


FLYAWAY  COST 


FULL  STOP  UNDING 


GENERAL  SUPPORT 
MATERIAL 


GROUND  ABORT 


GROUND  HANDLING 
AND  SERVICE 


HUMAN  RESOURCES 


INTERMEDIATE 

MAINTENANCE 


LANDINGS  PER  FLIGHT 
HOUR 


Key  word(s)  describing  the  equipment  failure 
within  the  limits  of  the  MDC  "How  Malfunction" 
listing  in  the  Work  Unit  Code  book. 

The  premature  termination  of  a flight  because 
of  mission  essential  equipment  failure  - MDC 
When  Discovered  Code  "C". 

Hours  of  operation  recorded  from  brake  release 
to  engine  shutdown. 

Flyaway  cost  for  aircraft  includes  the  cost 
of  the  following  airborne  and  installed  equip- 
ment: airframe,  propulsion  equipment,  elec- 
tronics, armament,  and  other  installed 
government  furnished  equipment. 

The  action  of  bringing  an  airplane  down  after 
having  descended  to  a point  fifty  feet  above 
the  surface,  of  making  contact  with  the 
surface  and  of  completing  the  landing  roll . 

Material  purchased  from  the  General  Support 
Division  which  is  decentral ly  managed  expense 
type  items  including  aircraft,  electronic  and 
conwuni cations  repair  parts,  and  base 
consumables. 

The  cancellation  or  postponement  of  an  air- 
craft scheduled  for  flight  because  of  sub- 
standard performance  of  mission  essential 
equipment  - MDC  When  Discovered  Code  "A". 

Includes  manhours  expended  positioning, 
parking,  moving,  fueling  and  other  servicing 
functions  on  an  aircraft  and  coded  under  the 
01 XXX  work  unit  code  series. 

For  purposes  of  this  study,  includes:  people 
required  to  perform  support  functions  broken 
out  along  various  dimensions  such  as  AFSC, 
experience  level,  training,  and  rank. 

Maintenance  expended  on  removed  engines  or 
components  in  the  shop  during  repair  or 
preventive  maintenance. 

Total  Landings  including  "Touch  and  Go" 

Total  Flight  Time 


LOGISTICS 


MAIN  OPERATING  BASE 
(MOB) 


MAINTENANCE  MANHOURS 
PER  FLIGHT  HOUR 


MAINTENANCE  MANNING 
CAPABILITY 


MAINTENANCE  ON 
SERVICEABLE  ITEMS 


For  purposes  of  this  study  includes:  The 
science  of  planning  and  carrying  out  the 
acquisition,  distribution,  maintenance,  and 
dispersal  of  weapon  systans  and  support 
equipment;  the  movement  and  support  of 
military  forces,  and  the  acquisition  or 
furnishing  of  services. 

An  MOB  is  an  active  USAF  air  base  having 
assigned  theater  forces  or  rotational 
tactical  forces  or  a major  active  flying 
support  mission  in  peacetime.  It  is  capable 
of  supporting  such  forces  in  sustained  war- 
time operations,  depending  upon  the  assigned 
mission.  It  has  field  maintenance,  base 
supply,  munitions,  security,  billeting  and 
messing,  transportation,  communications, 
navaids,  weather,  and  operational  support 
facilities.  It  is  capable,  with  prepositioned 
WRM,  of  receiving,  servicing,  and  initially 
launching  augmentation  forces  deployed  with 
direct  mission  support  personnel  and  it  can 
sustain  such  operations  under  emergency 
conditions  for  30  days. 

The  total  direct  maintenance  manhours  expended 
per  aircraft  flying  hour.  This  rate  is  cal- 
culated for  total  flight  line  tasks,  total 
shop  tasks,  and  total  flight  line  and  shop 
tasks. 

The  maximum  number  of  flying  hours  per  air- 
craft per  unit  of  time  that  the  maintenance 
function  of  an  organization  is  manned  to 
support.  In  certain  units  that  are  manned 
for  surge  contingencies,  maintenance  manning 
capability  may  exceed  the  maintenance 
manning  requirements  needed  to  support  a 
peacetime  flying  hour  rate. 

On-equipment  and  shop  maintenance  which  is 
performed  to  gain  access  to  other  components 
is  coded  with  "How  Malfunctioned"  Code  800 
(No  Defect  - Component  Removed/Reinstalled 
to  Facilitate  Other  Maintenance).  If  a 
component  is  removed,  bench  checked  and  found 
serviceable,  the  shop  maintenance  action  is 
coded  with  "Action  Taken"  Code  B (Bench 
Checked  - Serviceable).  The  same  component 
may  oe  reinstalled,  or  a new  component  may 
have  been  installed  in  its  place  when  the 
original  was  removed. 


136 


MAINTENANCE 
MAINTENANCE  TASKS 


MATERIAL  RESOURCES 


MISSION-DESIGN- 
SERIES  (MOS) 


Sea  Base  Maintenance 

Manhours  spent  on  each  unit  of  work  produced 
and  the  number  of  units  of  work  performed  in 
1000  flying  hours  were  calculated  for  the 
following  tasks: 

Flight  Line  Removals 

Flight  Line  Remove  and  Replace 

Flight  Line  Remove  and  Reinstall 

Flight  Line  Attaching  Parts 

Flight  Line  Checks  OK 

Flight  Line  Other 

Flight  Line  Total 

Shop  Bench  Check 

Shop  Bench  Check  and  Repair 

Shop  Bench  Check  - NRTS 

Shop  Checks  OK 

Shop  Repair 

Shop  Attaching  Parts 

Shop  Other 

Shop  Total 

For  purpose  of  this  study,  includes:  spares, 
GSE,  training  equipment,  and  fuel. 

An  alpha-numeric  code  used  to  identify  a 
specific  type  of  aircraft.  The  mission  symbol, 
"a  letter",  is  used  to  denote  the  primary 
function  or  capability  of  an  aircraft,  for 
example,  "C"  in  C-130,  for  cargo.  The  design 
number  denotes  different  aircraft  within  the 
same  function,  for  example,  "130"  in  C-130  as 
opposed  to  "135"  in  C-135.  The  series  symbol, 
a letter,  is  used  to  denote  that  significant 
differences  exist  between  related  aircraft 
because  of  follow-on  production  or  major 
modification,  for  example,  "E"  in  C-130E  as 
opposed  to  "D"  in  C-130D.  In  certain  cases 
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MISSION  LENGTH 

NOT  OPERATIONAL  READY 
MAINTENANCE  (NORM) 


NOT  OPERATIONAL  READY 
MAINTENANCE  (NORM)  (F) 
(FLYABLE3 

NOT  OPERATIONAL  READY 
MAINTENANCE  (NORM)  (G) 
(GROUNDED) 

NOT  OPERATIONAL  READY 
MAINTENANCE  (NORM)  (T) 
(TCTO) 

NOT  OPERATIONAL  READY 
SUPPLY  (NORS) 


NOT  OPERATIONAL  READY 
SUPPLY  (NORS)  (F) 
(FLYABLE) 

NOT  OPERATIONAL  READY 
SUPPLY  (NORS)  (G) 
(GROUNDED) 

NRTS 


another  letter  can  precede  the  MDS  designation. 
This  letter  Is  used  to  indicate  that  the 
particular  aircraft  no  longer  has  the  same 
characteristics  as  others  of  the  same  MDS,  for 
example,  ''A''  In  AC-130E  as  opposed  to  C-130E. 
This  application  Is  termed  "Modified  Mission 
Symbol". 

See  Sortie  Length. 

The  aerospace  vehicle  Is  not  capable  of  per- 
forming all  of  Its  assigned  mlsslon(s)  due 
to  **equ1red  maintenance  actions. 

Same  as  above. 


Same  as  above. 


Same  as  above. 


The  aerospace  vehicle  Is  not  capable  of  per- 
forming all  of  Its  assigned  mlssion(s)  due 
to  parts  required  from  supply. 

Same  as  above. 


Same  as  above. 


Not  Repairable  This  Station.  Items  that  are 
shipped  from  the  base  for  repair  or  overhaul 
and  meet  one  of  the  following  criteria; 

1 - Bench  Check  Maintenance/NRTS  - Repair 

Not  Authorized 

2 - Bench  Check  Maintenance/NRTS  - Lack  of 

Equipment,  Tools,  or  Facilities 

3 - Bench  Check  Maintenance/NRTS  - Lack  of 

Technical  Skills 


4 - Bench  Check  Maintenance/NRTS  - Lack  of  Parts 
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OFF-EQUIPMENT 

MAINTENANCE 

ON-EQUIPMENT 

OR  - OPERATIONALLY 
READY 


ORGANIZATIONAL 

MAINTENANCE 

PERCENT  FAILURE  MODE 


PHASE  OF  OPERATION 


POSSESSED  AIRCRAFT 


QPA  (QUANTITY  PER 
AIRCRAFT) 


5 - Bench  Check  Mairttenance/NRTS  - Shop 

Backlog 

6 - Bench  Check  Maintenance/NRTS  - Lack  of 

Technical  Data 

7 - Bench  Check  Maintenance/NRTS  - Excess 

to  Base  Requirements 

8 - Bench  Check  Maintenance/NRTS  - Directed 

Return  to  Depot  Facility 

See  Intermediate  Maintenance 


See  Organizational  Maintenance 

The  aerospace  vehicle  is  capable  of  performing 
all  of  its  assigned  missions.  (Preflight, 
post  flight,  thru  flight  and  home  station 
check  inspections  or  functional  check  flights 
are  considered  as  OR  conditions.) 

Maintenance  in  which  the  airplane  is  the  end 
item. 

Percent  of  total  failures  reported  against 
specific  MDC  “How  Malfunction"  key  words. 

Phases  of  flight  such  as:  Takeoff,  inflight, 
landing,  taxiing,  etc. 

The  actual  ownership  of  and  responsibility 
for  an  aerospace  vehicle. 

The  quantity  per  aircraft  indicates  the  total 
number  of  a particular  component  installed 
on  one  aircraft. 


REMOVALS 


REMOVE  AND  REINSTALL 


Maintenance  action  to  remove  an  item  from 
the  aircraft.  MDC  Action  Taken  Codes  "P"  and 
"R“. 

Maintenance  action  to  remove  an  item  and 
install  the  same  item  - most  often  to  gain 
access  to  other  areas.  MDC  Action  Taken  Code 


REMOVE  AND  REPLACE 


Maintenance  action  to  remove  an  item  from  the 
aircraft  and  install  a like  item  in  its  place. 
MDC  Action  Taken  Code  "R". 
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REPAIR 


SCHEDULED 


Repair  action  performed  separately  from  Bench 
Checks.  Includes  total  repair  hours  of 
cleaning,  disassembly,  inspection,  adjustment, 
reassembly  and  lubrication. 

MAINTENANCE  Includes  maintenance  manhours  expended  on  the 
following: 

a.  Look  Phase  of  all  inspections  - 
the  accomplishment  of  requirements 
listed  on  the  inspection  work  card 
deck  for  the  particular  inspection, 
i.e. , preflight  (PR),  basic  postflight 
(BPO),  hourly  postflight  (HPO), 
periodic  or  phase  (PE),  all  of  which 
are  listed  under  the  03XXX  work  unit 
codes. 

b.  Fix  Phase  of  all  inspections  - the 
correction  of  discrepancies  discovered 
during  the  "look"  phase  of  an  inspec- 
tion. 

c.  Special  Inspections  - these  inspections 
are  listed  under  the  04XXX  work  unit 
code  series  and  include  numerous  items 
listed  for  special  inspections  such 

as  test  flights,  hard  landings,  hot 
starts,  etc. 

d.  Scheduled  Shop  Support  - the  perfor- 
mance of  planned  repetitive  maintenance 
tosks  in  the  shops  such  as  engine  tear- 
down  and/or  buildup;  wheel  and  tire 
buildup  or  teardown;  parachute  packing; 
fabrication,  etc.,  and  are  coded  under 
the  09XXX  work  unit  code  series. 

e.  TCTO  - the  compliance  with  Time  Compli- 
ance Technical  Orders  (except  Immediate 
Action  TCTO's)  on  aircraft  and  engine 
systems  and/or  components. 

f.  Aircraft  Washing  and  Cleaning  - air- 
craft washing,  cleaning,  vacuuming, 
polishing,  and  the  removal  of  ice  and 
frost  from  aircraft.  It  does  not 
include  the  treatment  of  corroded  parts 
which  should  be  charged  to  the  appli- 
cable work  unit  code  of  the  affected 
part.  Work  unit  code  series  02XXX 
apply  to  washing  and  cleaning. 
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SERVICEABLE  ITEM 

MAINTENANCE  See  Maintenance  on  Serviceable  Items. 

SORTIE  LENGTH  A sortie  is  measured  from  the  start  of  the 

takeoff  run  until  one  of  the  following  occur: 

1.  Aircraft  is  on  the  ground  for 
five  minutes. 


2.  EnyTnes  are  shut  down. 


SYSTEM 

SYSTEM  MAINTENANCE 

SYSTEMS  SUPPORT 
MATERIAL 


TACTICAL  UNIT 

TASKS  PER  1000 
FLIGHT  HOURS 


3.  Crews  are  changed. 

A functionally  related  group  of  components 
and  parts;  defined  in  military  coding  systems 
by  a two  digit  number,  e.g.;  45  = hydraulics, 

13  = landing  gear  and  74  = fire  control. 

Maintenance  expended  on  the  aircraft  in  the 
repair  or  preventative  maintenance  of  systems, 
subsystems  and  components. 

Material  purchased  from  the  Systems  Support 
Division  for  the  maintenance  of  aircraft  and 
missiles  which  is  centrally  procured  expense 
type  items  such  as  nonreparable  spares  and 
repair  parts,  including  peculiar  spares. 

A unit  designated  for  combat  operations  or  a 
unit  which  directly  supports  combat  operations. 

The  rate  obtained  by  dividing  the  total 
occurrences  of  a particular  task  by  the 
flight  hours  expressed  in  thousands. 


TCTO  - TIME  COMPLIANCE  An  Air  Force  publication  that  gives  specific 
TECHNICAL  ORDER  technical  directions  and  information  with 

respect  to  the  modification,  inspection, 
storage,  operation  or  maintenance  of  equip- 
ment, requiring  compliance  within  a specified 
time  period. 

TOTAL  MAINTENANCE  Total  maintenance  consists  of  all  actions 

taken  to  retain  material  in  a serviceable 
condition  or  to  restore  it  to  serviceability. 
It  includes  inspection,  testing,  servicing, 
classification  as  to  serviceability,  repair 
rebuilding,  and  reclamation. 


TOUCH  AND  GO  LANDING  The  action  of  bringing  an  airplane  down  after 

having  descended  to  a point  fifty  feet  above 
the  surface,  or  making  contact  with  the 
surface,  but  continuing  with  another  takeoff 
without  coming  to  a stop. 
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TROUBLESHOOTING 


TROUBLESHOOTING 

MANHOURS 


TYPE  OP  ACCIDENT 


UNIT  EQUIPMENT  (UE) 


UTILIZATION 
UTILIZATION  RATE  (UR) 


WHEN  DISCOVERED 


WORK  UNIT  CODE 


Maintenance  time  expended  in  locating  a 
suspected  discrepancy.  MDC  Action  Taken 
code  "Y".  Normally  of  sufficient  length  as 
to  oe  fepurLed  separately  trom  the  repair 
action. 

Maintenance  manhours  exoended  on  the  air- 
plane in  fault  isolation.  Usually  those 
cases  where  troubleshooting  time  is  expended 
separately  from  the  repair. 

Different  types  of  aircraft  accidents,  such 
as:  loss  of  directional  control  on  the 

ground;  spin  or  stall;  fire  or  explosion; 
abandoned  aircraft;  etc. 

The  number  of  aircraft  which  are  authorized 
for  operational  (flying)  missions.  The 
UE  authorization  forms  the  basis  for  authori- 
zation of  operating  resources  (manpower, 
support  equipment,  and  flying  hour  funds). 

Total  Flight  Time  (Months  Flown)  X (No.  of 
Aircraft  Operating) 

The  average  number  of  flying  hours  per  air- 
craft per  specified  unit  of  t^ire.  It  is 
estimated  as  the  quotient  of  programmed 
squadron  flying  hours  divided  by  squadron  UE. 

Identifies  when  the  need  for  maintenance  was 
detected. 

BF  - Before  Flight,  When  Discovered  codes 
A,  8,  G,  N 

IF  - In  Flight,  When  Discovered  codes 
C,  0,  P 

BTF  - Between  Fliants,  When  Discovered  codes 
E,  F 

I.NS  - Inspection,  all  other  When  Discovered 
codes 

A five  digit  number  designating  a system, 
subsystem,  component  or  pert  on  an  aircraft. 
Total  work  unit  codes  per  aircraft  range 
from  2,000  to  10,000  depending  on  complexity. 
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GLOSSARY  OF  ABBREVIATIONS  AND  ACRONYMS 


AAI 

ABCC 

AC 

A/C 

ACFT 

ADI 

AON 

AF 

AFAFC 

AFB 

AFHRL 

AFISC 

AFLC 

AFM 

AFR 

AFS 

AFSC 

AFSC 

AGE 

AGM 

ALC 

ALTER 

AMS 

AMST 

AN 

ANAL 

APLN 

APPR 

AQM 

ARA 

ASD 

ASIP 

ASU 

ATC 

AVG 

ATM 

AVGAS 

BAC(IL&S) 

BF 

BIAS 

BL 

BLIS 

BOS 

BPO 

BQM 


AUTHORIZED  ACTIVE  INVENTORY 
AIRBORNE  COMMAND  AND  CONTROL 
ALTERNATING  CURRENT 
AIRCRAFT 
AIRCRAFT 

ATTITUDE  DIRECTIONAL  INDICATOR 

AIR  (A)  LAUNCH  ENVIRONMENT,  DECOY  (D)  MISSION, 

GUIDED  MISSILE  (M)  VEHICLE  TYPE 
AIR  FORCE 

AIR  FORCE  ACCOUNTING  AND  FINANCE  CENTER 
AIR  FORCE  BASE 

AIR  FORCE  HUMAN  RESOURCES  LABORATORY 

AIR  FORCE  INSPECTION  AND  SAFETY  CENTER 

AIR  FORCE  LOGISTICS  COMMAND 

AIR  FORCE  MANUAL 

AIR  FORCE  REGULATION 

AIR  FORCE  SPECIALITY 

AIR  FORCE  SPECIALITY  CODE 

AIR  FORCE  SYSTEMS  COMMAND 

AEROSPACE  GROUND  EQUIPMENT 

AIR  (A)  LAUNCH  ENVIRONMENT,  SURFACE  ATTACK  (G)  MISSION, 
GUIDED  MISSILE  (H)  VEHICLE  TYPE 
AIR  LOGISTICS  CENTER 
ALTERATION 

AVIONICS  MAINTENANCE  SQUADRON 

ADVANCED  MEDIUM  STOL  TRANSPORT 

ARHY/NAVY 

ANALYSIS 

AIRPLANE 

APPROPRIATION 

AIR  (A)  LAUNCH  ENVIRONMENT,  DRONE  (Q)  MISSION, 

GUIDED  MISSILE  (M)  VEHICLE  TYPE 
AIRBORNE  RADAR  APPROACH 
AERONAUTICAL  SYSTEMS  DIVISION 
AIRCRAFT  STRUCTURAL  INTEGRITY  PROGRAM 
ANTI  SUBMARINE  WARFARE 
AIR  TRAINING  COMMAND 
AVERAGE 

AIR  TURBINE  MOTOR 
AVIATION  GAS 

BOEING  AEROSPACE  COMPANY,  LOGISTICS  SUPPORT  AND  SERVICES 
BEFORE  FLIGHT 

BATTLEFIELD  ILLUMINATION  AIRBORNE  SYSTEM 
BASE  LEVEL 

BASE  LEVEL  INQUIRY  SYSTEM 
BASE  OPERATING  SUPPORT 
BASIC  POST  RIGHT 

MULTIPLE  (B)  LAUNCH  ENVIRONMENT,  DRONE  (Q)  MISSION, 
GUIDED  MISSILE  (M)  VEHICLE  TYPE 
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GLOSSARY  OF  ABBREVIATIONS  AND  ACRONYMS  (Cent.) 


CAGE 

CAMMIS 

GEM 

CGM 

GHG 

GIM 

GIV 

GNT 

COCESS 

GOMM 

COND 

CGNF 

CONUS 

CCPARS 

DC 

DCM 

DEPT 

DEV 

DI 

DL 

DPT 

ECH 

ELECT 

ENG 

ENL 

EQUIP 

ETA 

EXT 

FH 

FLT 

FMS 

FTD 

FY 

GAL 

GEN 

GFM 

GND 

GPM 

GRND 

GRDS 

GSE 


COST  ANALYSIS  COST  ESTIMATING 

COMMAND  AIRCRAFT  MAINTENANCE  MANPOWER  INFORMATION  SYSTEM 
COMMUNICATION  ELECTRONIC  METEROROLOGICAL 
COFFIN  (C)  LAUNCH  ENVIRONMENT,  SURFACE  ATTACK  (G)  MISSION, 
GUIDED  MISSILE  (M)  VEHICLE  TYPE 
CHANGE 

COFFIN  (C)  LAUNCH  ENVIRONMENT,  INTERCEPT-AERIAL  (I) 
MISSION,  GUIDED  MISSILE  CM)  VEHICLE  TYPE 
CIVILIAN 
CONTROL 

CONTRACTOR  OPERATED  CIVIL  ENGINEER  SUPPLY  STORE 

COMMUNICATIONS 

CONDITIONING 

CONFIGURATION 

CONTINENTAL  UNITED  STATES 

CONTRACTOR  OPERATED  PARTS  STORE 

DIRECT  CURRENT 

DEPUTY  COMMANDER  FOR  MAINTENANCE 

DEPARTMENT 

DEVELOPMENT 

DATA  ITEM 

DEPOT  LEVEL 

DEPOT 

ELECTRONIC  COUNTERMEASURES 

ELECTRONICS 

ENGINE 

ENLISTED 

EQUIPMENT 

EXCEPTION  TIME  ACCOUNTING 

EXTERNAL 

FLYING  HOUR 

RIGHT 

FIELD  MAINTENANCE  SQUADRON 

FIELD  TRAINING  DETACHMENT 

FISCAL  YEAR 

GALLON 

GENERAL 

GOVERNMENT  FURNISHED  MATERIAL 
GROUND 

GALLONS  PER  MINUTE 

GROUND 

GRADUATES 

GROUND  SUPPORT  EQUIPMENT 
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aOSSARY  OF  ABBREVIATIONS  AND  ACRONYMS  (Cent.) 


KF 

HGN 

HPO 

HQ 

HRS 

HSI 

HUSA 

HYD 

la 

I&S 

INC 

IF 

IT 

INCL 

INO 

INS 

INST 

INSP 

IRAN 

IROS 

INT 

INVEST 

LBS 

LCC 

LFT 

LGM 

LLLTV 

LORAN 

M 

MAC 

MAINT 

MAP 

MAT 

MAW 

MAX 

MBO 

MCS 

MDC 

MOCS 

HOS 

MIS 

MISC 

MMH 

M/MHR 

MMICS 

MO 

MOOS 


HIGH  FREQUENCY 

SILO  STORED  (H)  LAUNCH  ENVIRONMENT,  SURFACE  ATTACK  (6) 
MISSION,  GUIDED  MISSILE  (M)  VEHiaE  TYPE 
HOURLY  POST  FLIGHT 
HEADQUARTERS 
HOURS 

HORIZONTAL  SITUATION  INDICATOR 
HISTORICAL  WEAPON  SYSTEM  ANALYSIS 
HYDRAULIC 

INSTALLATIONS  AND  LOGISTICS 
INTERCHANGEABILITY  AND  SUBSTITUTION 
INCORPORATED 
IN  FLIGHT 

IDENTIFICATION.  FRIEND  OR  FOE 

INCLUDE 

INDICATED 

INSPECTION 

INSTRUMENTS 

INSPECTION 

INSPECT  AND  REPAIR  AS  NECESSARY 

INCREASED  RELIABILITY  OF  OPERATIONAL  SYSTEMS 

INTERMEDIATE 

INVESTMENT 

POUNDS 

LIFE  CYCLE  COST 
LEFT 

SILO  LAUNCH  ENVIRONMENT,  SURFACE  ATTACK  (6)  MISSION 
GUIDED  MISSILE  (M)  VEHICLE  TYPE 
LOW  LEVEL  LIGHT  TELEVISION 
LONG  RANGE  NAVIGATION 
MILLION 

MILITARY  AIRLIFT  COMMAND 
MAINTENANCE 

MILITARY  ASSISTANCE  PROGRAM 
MATERIEL 

MILITARY  AIRLIFT  MING 
MAXIMUM 

MAIN  OPERATING  BASE 
MAINTENANCE  COST  SYSTEM 
MAINTENANCE  DATA  COLLECTION 
MAINTENANCE  DATA  COLLECTION  SYSTEM 
MODEL/DESIGN/SERIES 
MANAGEMENT  INFORMATION  SYSTEM 
MISCELLANEOUS 
MAINTENANCE  MANHOURS 
MAINTENANCE  PER  MANHOURS 

MAINTENANCE  MANAGEMENT  INFORMAHON  CONTROL  SYSTEM 
MONTH 

MODIFICATIONS 
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GLOSSARY  OF  ABBREVIATIONS  AND  ACRONYMS  (Cont. ) 


MPD 

MILITARY  PERSONNEL  CENTER 

MT 

MAINTENANCE 

MTT 

MOBILE  TRAINING  TEAM 

NAV 

NAVIGATIONS 

NO. 

NUMBER 

NOA 

NON  OPERATIONAL  ACTIVE 

NOH 

NOMENCLATURE 

NON  XO 

NON  EXPENDABLE  DEPOT 

NORN 

NOT  OPERATIONAL  READY  MAINTENANCE 

NORS 

NOT  OPERATIONAL  READY  SUPPLY 

NRTS 

NOT  REPAIRABLE  THIS  STATION 

NSC 

NATIONAL  STOCK  CLASS 

NSN 

NATIONAL  STOCK  NUMBER 

O&S 

OPERATING  AND  SUPPORT 

OASO 

OFFICE  ASSISTANT  SECRETARY  OF  DEFENSE 

OFF 

OFFICERS 

OHS 

ORGANIZATIONAL  MAINTENANCE  SQUADRON 

OPS 

OPERATIONS 

OR 

OPERATIONAL  READY 

ORG 

ORGANIZATIONAL 

OSCR 

OPERATING  AND  SUPPORT  COST  REPORT 

OT 

OTHER 

P&S 

PLANS  AND  SCHEDULES 

PON 

PROGRAMMED  DEPOT  MAirfTENANCE 

PEC 

PROGRAM  ELEMENT  CODE 

PERS 

PERSONNEL 

POL 

PETROLEUM,  OILS  AND  LUBRICANTS 

POSS 

POSSESSED 

PROC 

PROCUREMENT 

PROO 

PRODUCTION 

PROP 

PROPaLER 

PRESS 

PRESSURE 

PRESS 

PRESSURIZATION 

PSI 

POUNDS  SQUARE  INCH 

PWR 

POWER 

QC 

QUALITY  CONTROL 

QEC 

QUICK  ENGINE  CHANGE 

QPA 

QUANTITY  PER  AIW:RAFT 

QTY 

QUANTITY 

RAF 

ROYAL  AIR  FORCE 

R&D 

RESEARCH  AND  DEVELOPMENT 

R8M 

RELIABILITY  AND  MAINTAINABILITY 

RCS 

REPORT  CONTROL  SYMBOL 

REC 

RECEIVER 

REF 

REFERENCE 

Ra 

RELIABILITY 

REPL 

REPLACEMENT 

REPLEN 

REPLENISHMENT 

RPN 

REVOLUTIONS  PER  MINUTE 

RT 

RECEIVER  TRANSMITTER 
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GLOSSARY  OF  ABBREVIATIONS  AND  ACRONYMS  (Cont. ) 


SBSS 

SC 

SE 

SEC 

SECT 

SERV 

SKE 

SPO 

SPT 

STOL 

SYS 

SV 

SUBSYS 

TAC 

TAW 

T&E 

TCI 

TCTO 

TOY 

TECH 

TO'S 

T^>T 

TR 

TRANS 

TRNG 

UOL 

UE 

UHF 

UMO 

UN 

USAF 

UTE 

UTIL 

VHF 

VTOL 

WAC 

WBS 

W/0 

WPAFB 

WRALC 

WRM 

W/S 

WT 

WUC 

YR 


STANDARD  BASE  LEVEL  SUPPLY  SYSTEM 

SCHEDULED 

SUPPORT  EQUIPMENT 

SECTION 

SECTION 

SERVICING 

STATION  KEEPING  EQUIPMENT 
SYSTEMS  PROGRAM  OFFICE 
SUPPORT 

SHORT  TAKEOFF  AND  LANDING 

SYSTEM 

SERVICING 

SUBSYSTEM 

TACTICAL  AIR  COMMAND 

TACTICAL  AIRLIFT  WING 

TEST  AND  EVALUATION 

TIME  COMPLIANCE  ITEM 

TIME  COMPLIANCE  TECHNICAL  ORDER 

TEMPORARY  DUTY 

TECHNICAL 

TECHNICAL  ORDERS 

TOTAL 

TECHNICAL  REPORT 

TRANSCEIVER 

TRAINING 

UNIT  DETAIL  LISPING 
UNIT  OF  EQUIPMENT 
ULTRA  HIGH  FREQUENCY 
UNIT  MANNING  DOCUMENT 
UNSCHEDULED 

UNITED  STATES  AIR  FORCE 

UTILIZATION 

UTILIZATION 

VERY  HIGH  FREQUENCY 

VERTICAL  TAKEOFF  AND  LANDING 

WORK  ACCOMPLISHMENT  CODE 

WORK  BREAKDOWN  STRUCTURE 

WITHOUT 

WRIGHT  PATTERSON  AIR  FORCE  BASE 
WARNER  ROBINS  AIR  LOGISTICS  CENTER 
WAR  READINESS  MATERIAL 
WEAPON  SYSTEM 
WEIGH! 

WORK  UNIT  CODE 
YEAR 
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TABLE  A-1  DATA  SOURCES  AND  AGENCIES 


’’gut  Documents  . 

Frost  I Su))1v«n  New  York,  NY  OeFenje  Contracts  1 Listing  • • 1960-1975 


TABLE  A-1  DATA  SOURCES  AND  AGENCIES  (CONT'D) 


TABLE  A-1  DATA  SOURCES  AND  AGENCIES  (CONT'D) 


I 


INFORMATION  OBTAINED 


DOES  IT  COIITAIN  DATA  PERTINENT 
TO  TASKS  OF  THE  STUDY  IN 
THE  AREAS  OF  OPERATION,  MAINTE- 
NANCE, RELIABILITY,  DEPOT,  MAN- 
POWER, MODIFICATION,  MATERIAL 
CONSUMPTION,  BASIC,  AND  LIFE 
CYaE  COST? 


DOES  IT  CONTAIN  DATA  ON  TRANSPORT 
AIRCRAFT? 


DOES  n CONTAIN  DATA  ON  THE 
C-T30  AIRCRAFT? 


DOES  IT  CONTAIN  DATA  ON  THE 
C-T30  THAT  CAN  BE  APPLIED  OR 
FACTORED  TO  THE  C-T30E? 


COMPLETE  TERMINAL  ENTRY  FORM 


DOES  IT  CONTAIN  DATA  SPECIFICALLY 
APPLICABLE  TO  THE  C-T30E? 


COMPLETE  TERMINAL  ENTRY  FORM 


Figure  B-1  DATA  REVIEW  "YES-NO"  DECISION  PROCESS  ROW 
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C-130S  HISTO?.y  CDCZ 
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3epcc  Level 

Vender 
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Tasic  Anaivsis 
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Failure  Fares 
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Failure  M.odes 
Cost 

Safety  Lata 
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Cost 
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Actuals 
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Conceptual 
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Developr.er.r 
Product ion 
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SAD  corner  Oarei 
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H5»S  Master  File 

ZXC  CiFCCA 

3 AC  Kent  Library 

3CAC  Hentcn  Librarv 

3AC  Military  F’lolioaricns 


SQ  CCALITf  OF 

Source  Eistino 
Screened  Docurenrs 
Cseable 
Mot  Csed 


SX  Address  15 
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APPENDIX  C 


DATA  PROCESSING  FLOWS  AND 
C-130E  CHARACTERISTICS/SPECIFICATIONS 
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FlfitWE  C-1  ELECTRONIC  DATA  Fi»CESSlNQ  PROGRAMS  AND  OUTPUT  ELEMENTS  aOU  DIAGRAM  (PART  2) 


MECHANIZED  TCTO  EVALUATION  LOGIC  FLOW 


COMtHlTER  PROCESSING  aOW 


FIGURE  C-6  C-130E  SYSTEMS  U THROUGH  42  SPECIFICATIONS 


sw?!5^  PPF 


FIGURE  C-7  C-130E  SYSTEMS  44  THROUGH  52  SPECIFICATIONS 


SYSTEMS  66  (CONT)  THROUGH  97  SPECIFICATIONS 





W 


DATA  NORMALIZATION 

The  process  for  estimating  the  missing  data,  based  on  the  foregoing 
assumptions,  was  as  follows: 

a.  A data  manipulation  computer  program  was  used  to  generate 
scattergrams  of  each  variable  in  a data-set  of  interest 
(such  as  expenditure  of  maintenance  manhours  by  aircraft  WUC) 
as  a function  of  every  other  variable  in  the  data-set  and  as 

a function  of  six  key  operational  parameters  for  which  a complete 
15  year  history  was  available.  Approximately  7,000  scatter- 
gram  plots  were  generated  and  reviewed  for  this  analysis. 

b.  The  scattergrams  were  examined  and  all  possible  straight  line 
relationships  retained  for  further  analysis. 

c.  These  candidate  variable  combinations  were  then  tested  by 
regression  analysis  to  determine  their  strengths  of  correlation 
and  the  equations  for  their  least  squares  regression  lines. 

d.  For  each  variable  in  the  data-set  being  analyzed,  a "best" 
relationship  was  chosen  based  on  the  following  priority 
criteria: 

(1)  Strongest  correlation  with  a primary  relationship  to  one 
of  the  key  operational  parameters. 

(2)  If  no  reasonable  primary  relationship  could  be  found, 
then  the  most  highly  correlated  secondary  relationship 
to  some  other  support  resource  parameter  which  did  have 
a strong  primary  relationship  with  an  operational 
parameter. 

(3)  If  neither  of  the  above  criteria  could  be  met,  then  the 
best  tertiary  relationship  was  selected.  This  was 
necessary  in  only  a few  of  the  data  cases  examined  and 
it  was  not  necessary  to  go  to  higher  order  relationships. 

e.  After  the  "best"  relationship  was  selected  for  each  variable 
of  interest,  its  regression  line  was  plotted  as  a function  of 
the  appropriate  independent  variable  (operaticnal  parameter  or 
related  support  resource  parameter)  and  the  missing  years' values 
estimated  by  entering  the  regression  with  the  independent 
variable  values  corresponding  to  the  missing  years  and  picking 
off  the  estimated  dependent  values. 

f.  The  estimated  dependent  values  of  the  various  support  resource 
parameters  were  then  used  to  fill  the  appropriate  data  voids 
in  the  historical  record. 

Figure  C-10  illustrates  the  above  process  through  the  data  tables 
and  graphs  used  at  successive  stages. 
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APPENDIX  D 


MAINTENANCE  STATISTICS 


DISTRIBUTION  OF  ORGANIZATIONAL  AND  INICRNEDIATE  SYSTEII  MAINTENANCE 
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TABLE  E-I  PERCENT  DISTRIBUTION  OF  ORGANIZATIONAL  AND  INTERMEDIATE 

COMPONENT  FAILURES  BY  WHEN  DISCOVERED  BEFORE  FLIGHT  (BF)  - 
IN-FLIGHT  (IF)  - BETWEEN  FLIGHT  (BTF)  - INSPECTION  (INS) 


SYS.  WHEN  DISCOVERED  PERCENT 


NO. 

SYSTEM  NAME 

BF 

IF 

BTF 

INS 

11 

AIRFRAME 

29 

71 

12 

COCKPIT  AND  FUSELAGE 

- 

- 

25 

75 

13 

UNDING  6UR 

- 

1 

31 

68 

14 

FLIGHT  CONTROLS 

- 

1 

17 

82 

22 

TURBO  PROP  POWER  PUNT 

2 

9 

23 

66 

24 

AUXILIARY  POWER  PUNT 

1 

1 

30 

68 

32 

HYDRAULIC  PROPELLER 

1 

7 

18 

74 

41 

AIR  CONDITIONING,  PRESS. 

1 

8 

37 

54 

42 

ELECTRICAL  POWER  SUPPLY 

- 

2 

39 

59 

44 

LIGHTING  SYSTEM 

- 

3 

28 

69 

45 

HYDRAULIC  & PNEUMATIC 

- 

2 

38 

60 

46 

FUEL 

- 

12 

51 

37 

47 

OXYGEN 

- 

6 

36 

58 

49 

MISC.  UTILITIES 

- 

1 

23 

76 

SI 

INSTRUMENTS 

1 

50 

18 

31 

52 

AUTOPILOT 

3 

62 

7 

28 

55 

MALFUNCTION  ANAL.  & REC.  EQUIP. 

5 

45 

50 

> 

61 

HF  COMMUNICATIONS 

1 

57 

7 

35 

62 

VHF  COMMUNICATIONS 

4 

77 

3 

16 

63 

UHF  COMMUNICATIONS 

4 

73 

7 

16 

64 

INTERPHONE 

4 

53 

10 

33 

65 

IFF 

- 

30 

2 

68 

66 

EMERGENCY  COMMUNICATIONS 

5 

15 

19 

61 

69 

MISC.  COMMUNICATIONS 

- 

2 

- 

98 

71 

RADIO  NAVIGATION 

40 

2 

58 

72 

RADAR  NAVIGATION 

- 

55 

5 

40 

91 

EMERGENCY  EQUIPMENT 

- 

2 

98 

96 

PERSONNEL  EQUIPMENT 

- 

- 

- 

100 

97 

EXPLOSIVE  DEVICES 

- 

- 

100 

- 

TOTALS 

2 

13 

24 

61 
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APPENDIX  P: 


MAINTENANCE  DIGEST  REPORT  STATISTICAL  PROCEDURES 


Step  1 - Monthly  Maintenance  Digest  reports,  containing  detailed 

assigned  maintenance  personnel  allocations  by  62  work  centers, 
were  collated  for  the  months  of  September,  1975  through  July, 
1976  (11  months). 

Step  2 • Assigned  maintenance  manpower  allocations  encompassing 
officers,  enlisted  and  civilian  personnel  were  recorded 
for  each  of  the  11  months  of  data  released  by  Little  Rock 
and  Pope  APB's.  Assigned  manpower  allocations,  entered  by 
grade  in  rank/skill  levels  were  aligned  to  the  15  DCM  work 
centers,  18  Organizational  Maintenance  Squadron  work  centers, 

19  Field  Maintenance  Squadron  work  centers,  and  10  Avionics 
Maintenance  Squadron  work  centers.  (Total  of  62  work  centers.) 

Step  3 - Assigned  manpower  allocations  derived  in  Step  2 were  summarized 
in  the  manner  depicted  in  Table  10.  Total  numbers  of  officer, 
enlisted  and  civilian  personnel  allocated  to  Little  Rock  and 
Pope  APB's,  were  then  merged  and  aligned  to  Lne  total  numbers 
of  possessed  C-130E/H  aircraft  at  the  twc  MAC  bises.  This 
enabled  the  developments  of; 

1.  Average  numbers  of  officer,  enlisted  and  civilian  personnel 
assigned  to  the  DCM's,  OMS's,  FMS's,  and  AMS's  of  Little 
Rock  and  Pope  APB. 

2.  Average  numbers  of  possessed  aircraft  by  month. 

3.  Average  number  of  possessed  aircraft  over  the  total 
11  month  period. 

4.  Numbers  of  officer  personnel  assigned  per  possessed 
aircraft  within  the  DCM's,  OMS's,  FMS's  and  AMS's. 

5.  Numbers  of  enlisted  personnel  (by  skill  levels  9,  7, 

5,  and  3)  assigned  per  possessed  aircraft  within  the 
same  work  locations  noted  in  number  4 above. 

6.  Numbers  of  civilian  personnel  assigned  per  possessed 
aircraft  by  work  locations  noted  in  number  4 above. 

Step  4 - Data  derived  during  Step  3 enabled  formulation  of  officer, 
enlisted,  and  civilian  manpower  loading  constants  per  C-130E 
aircraft.  This  encompassed: 


1.  Numbers  of  OCM  personnel  required  per  U£. 

a.  Officer  personnel 

b.  Enlisted  personnel 

c.  Civilian  personnel 

2.  Numbers  of  OMS  personnel  required  per  UE. 

a.  Officer  personnel 

b.  Enlisted  personnel 

c.  Civilian  personnel 

3.  Numbers  of  FMS  personnel  required  per  UE. 

a.  Officer  personnel 

b.  Enlisted  personnel 

c.  Civilian  personnel 

4.  Numbers  of  AMS  personnel  required  per  UE. 

a.  Officer  personnel 

b.  Enlisted  personnel 

c.  Civilian  personnel 
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APPENDIX  G: 


USAF  OPERATING  AND  SUPPORT  COST  REPORTING  SYSTEM  (OSCR) 


Based  on  the  continuing  emphasis  and  requirements  to  be  able  to 
account  for  actual  operating  and  support  cost  of  various  weapon  systems, 
the  Air  Force  was  tasked  in  early  1974,  by  the  Department  of  Defense, 
to  develop  a Management  Information  System  (MIS)  that  would  identify 
their  weapon  system  operating  and  support  (O&S)  costs.  Headquarters 
USAF  Comptroller,  Cost  Analysis  Division  (ACMCA)  is  presently  develop- 
ing a USAF  Operating  and  Support  Cost  Reporting(DSCR)  System  to  satisfy 
this  requirement.  As  outlined  in  Reference,  [5>one  of  the  initial 
conclusions  during  phase  I of  accomplishing  tne  above  task  was  to 
realize  that  no  data  system  in  the  Air  Force  directly  associated  or 
captured  all  operating  and  support  (O&S)  costs  to  a weapon  system. 
Without  the  knowledge  of  total  actual  costs  and  expenditures  for  the 
operation  and  support  of  a weapon  system  it  is  extremely  difficult 
to  know  what  and  where  improvements  in  costs  can  be  made  or  what  the 
actual  cost  drivers  are. 

The  purpose  of  OSCR  is  the  implementation  of  a reporting  system 
that  collects  operating  and  support  costs  for  a weapon  system  such  as 
the  C-130E.  Information  within  the  reporting  system  covers  both  base 
and  depot  (level)  data  pertaining  to  actual  costs  incurred  for  human 
and  material  resources.  As  indicated  previously,  only  fragments  of 
information  are  available  to  make  historical  comparisons  of  material 
resource  costs  of  a weapon  system.  The  OSCR  is  an  extremely-important 
effort  that  will  fill  this  void  and  in  future  years  provide  a much 
more  effective  means  to  determine  and/or  historically  compare  and 
analyze  the  operating  and  support  costs  of  a weapon  system 

The  Operating  and  Support  Cost  Report  System  was  implemented  at  the 
start  of  fiscal  year  1975.  OSCR  being  a new  system,  continuous  efforts 
are  being  made  to  debug,  purify  and  improve  the  data  contained  in  the 
report  as  well  as  the  data  included  in  the  feeder  reports  from  the 
various  bases  and  depots.  Fiscal  year  1976  data  is  being  processed 
as  of  this  date.  In  addition,  the  user's  handbook  has  been  developed 
and  is  in  draft  form.  However,  it  has  not  been  released  as  of  this 
date. 


Presentation,  "Visibility  and  Management  of  Support  Costs 
MBO  9-2,  Headquarters  USAF/ACMCA,  undated. 
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APPENDIX  H: 

USAF  MAINTENANCE  COST  SYSTEM  (HCS) 


USAF  Maintenance  Cost  System  (MCS)  is  a system,  implemented  in 
mid-1975,  in  which  selected  cost  data  at  base  level  flows  through 
various  commands  to  Headquarters  USAF  and  OASD  (I&L  and  Comptroller). 

Its  prime  purpose  is  to  provide  various  levels  of  maintenance  manage- 
ment with  comparative  cost  data  by  weapon  and  support  systems.  The 
elements  of  cost  such  as  labor  and  material,  when  related  to  various 
categories  of  cost  (i.e.,  direct  costs,  indirect  productive  costs,  etc.), 
provide  the  information  base  for  arcompl i shi ng  the  comparisons  mentioned 
above. 

The  primary  objectives  of  the  MCS  were  to:  1)  Design  and  implement 
a cost  system  for  base  level  activities  performing  organizational  and 
Intermediate  maintenance;  2)  permit  consolidation  of  both  depot  and 
base  level  maintenance  costs  into  one  report  showing  total  Air  Force 
Maintenance  costs,  and  3)  provide  data  for  life  cycle  costing.  There 
jre  other  objectives  not  mentioned  here  that  are  outlined  in  AFM  177-380 


The  accuracy  of  the  maintenance  cost  system  is  dependent  on  the 
accuracy  of  the  various  reports  and  systems  that  feed  data  to  it. 

These  Include  the  General  Accounting  System,  Maintenance  Da ter  .Col lection 
System  (HOC),  MMICS  Administrative  Subsystem/Exception  Time  Accounting 
System  (ETA),  MMICS  Status  Subsystem/Aerospace  Vehicle  Status  Report 
(Al),  Standard  Base  Level  Supply  System  - U1050-II  (SBSS),  and  input 
from  the  Base  Engine  Manager.  Information  from  Civilian  Accured  Annual 
Leave  Cost  Records  and  Maintenance  Manhour  Data  Requirements  from  the 
Command  Aircraft  Maintenance  Manpower  Information  System  (CAIWIS)  are 
also  input  to  the  MCS.  Information  from  the  above  sources  constitute 
the  data  contained  in  the  various  reports  of  the  MCS.  These  organiza- 
tional and  intermediate  maintenance  cost  reports  of  the  MCS  are: 

1.  Work  Breakdown  Structure  (WBS)  Within  Model/Design/Series 
(MOS)  Within  Program  Element  Code  (PEC). 

2.  NON-MOS  by  WBS. 

3.  Work  Accomplishment  Code  (WAC)  Within  MDS  Within. PEC. 

4.  NON-MOS  by  WAC. 

5.  By  Indirect  Productive  Labor. 
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6.  By  Indirect  Non-Productive  Labor. 

7.  By  Material  Category. 

8.  By  Customer. 

The  prime  office  of  responsibility  is  the  Air  Force  Finance  Center, 
(AFAFC/XSM).  Since  this  is  a comparatively  new  system,  efforts  are 
presently  being  made  to  debug,  purify  and  consolidate  fleet  wide  data. 

As  a result  of  being  a newly  developed  system  the  only  information  that 
was  usable  in  this  study  was  discussed  in  the  Material  Resources  area. 

It  is  felt  that  because  of  the  objectives  of  this  new  system  this 
detail  discussion  is  appropriate,  as  the  MCS  could  become  a valuable 
cost  data  source  for  future  studies. 
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IE  PERCENT  DISTRIBUTION  OF  ORGIJIIZATIONAL  AND  INTERMEDIATE  COMPONENT  FAILURES 
(15  TEAR  AVEfAGE  1962-1976) 


PERCENT  DISTRIBUTION  OF  COMPONENTS  REPAIRED  OFF  BASE 
(IS  YEAR  AVERAGE  1962-1976) 


FIGURE  1-5  C-130E  PERCENT  DISTRIWTION  01^  c4MP0HEHTS‘lfiHBB*iEff 
(IS  im  AVERAGE  1962-1976) 


HPONEKTS  CONDEMNED  KR  1000  FLIGHT  HOURS 
VS  VEM  OF  OKRATION 


AND  aiGHT! 


HATERI/U.  ABORTS  (GROUND  AND  FLIGHT)  PER  1000  FLIGHT  HOURS 
VS  YEAR  OF  OPERATION 


CF  TOTAL  DEPOT  MAINTENANCE  REPAIR  TASKS  BY 
STEM  (EXCLUDING  ENGINES)  FY  75-76 


